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(54) Title* LIQUID CRYSTAL ALIGNMENT FILM, METHOD OF 
10 PRODUCING THE SAME, LIQUID CRYSTAL DISPLAY DEVICE MADE 
BY USING THE FILM, AND METHOD OF PRODUCING THE SAME 

TECHNICAL FIELD 
The present invention relates to a liquid crystal alignment film, a 
15 method of producing the same, a liquid crystal display device made by using 
the film, and a method of producing the same. To be more specific, the 
invention relates to a liquid crystal alignment film used in a flat display 
panel with liquid crystal for displaying TV images or computer images, a 
method of producing the film, a translucent substrate suitable for the film 
20 . production, a liquid crystal display device made by using the alignment film, 
and a method of producing the device. 

BACKGROUND INVENTION 
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Conventionally used color liquid crystal display panels generally 
include two substrates on which counter electrodes are arranged in the form 
of matrix, and liquid crystal sealed between the substrates via a liquid 
crystal alignment film made by applying polyvinyl alcohol or a polyimide 
5 solution while rotating a spinner. 

One such color image display device includes a first substrate 
composed of a glass substrate, and a thin film transistor (TFT) array and 
pixel electrodes formed thereon, and a second substrate composed of a glass 
substrate, plural color filters of red, blue, and green formed thereon, and a 

10 common transparent electrode formed further thereon. This device further 
includes liquid crystal alignment films made by applying polyvinyl alcohol 
or a polyimide solution over the electrodes on the surfaces of the substrates 
with the use of a spinner or the like and then by rubbing these films, and a 
spacer arranged between the two substrates in a manner that the liquid 

15 crystal alignment films face each other. After the device is thus assembled, 
liquid crystal (twist nematic (TN) liquid crystal or the like) is injected 
between these substrates, and polarizing plates are arranged on the front 
and the back of the panel, thereby displaying color images while driving 
TFTs and irradiating a backlight from the rear surface. 

20 However, the prior art liquid crystal alignment films, which are 

made by applying polyvinyl alcohol or polyimide dissolved in an organic 
solvent by means of rotating application, and being rubbed with a felt cloth, 
cannot fully maintain their uniformity in a stepped portion on the surface or 
in a display panel of as large as about 14 inches. Also it is very difficult to 

25 make the resin-made alignment films as thin as desired, so a liquid crystal 
display device with such alignment films has the problem of being 
vulnerable to unequal display or display burn. 

DISCLOSERE OF THE PRESENT INVENTION 
30 In order to solve the above-mentioned problems, the present 
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invention has the first object of providing a liquid crystal alignment film 
suitable for a liquid crystal display panel and capable of maintaining the 
uniformity of alignment even in a stepped portion on the surface or in a 
large-scale panel; a method of producing this liquid crystal alignment film 
5 efficiently without resort to rubbing,* a translucent substrate suitable for 
this film production; a liquid crystal display device made by using this film; 
and an a method of producing the device. 

The present invention has the second object of providing a liquid 
crystal alignment film very thin and used in a liquid crystal display panel, 
10 which can control the aligning direction of liquid crystal by its rubbing and 
can also control the pre-tilt angle of the liquid crystal by controlling its 
critical surface energy; a method of producing this film efficiently; a liquid 
crystal display device made by using this film; and a method of producing 
the device. 

15 In order to achieve the first object, the first liquid crystal alignment 

film of the present invention comprises a molecule group with one end 
thereof chemically adsorbed on the surface of a substrate, wherein the 
molecule group contains molecules each having a linear carbon chain and at 
least part of the linear carbon chains are selectively polymerized. 

20 According to this liquid crystal alignment film, it becomes possible to 

suppress the panel having a large area or the substrate surface having a 
stepped portion from losing the uniformity of alignment. Since the liquid 
crystals are aligned without resort to any physical contact means such as 
rubbing, an increased area of the panel or the stepped portion on the surface 

25 of the substrate does not basically affect the uniformity of alignment of the 
liquid crystal. Since this liquid crystal alignment film is chemically 
adsorbed on the surface of the substrate, the film exhibits excellent 
properties in its durability, such as resistance against peeling. 

In the liquid crystal alignment film, the tilt of the linear carbon 

30 chains to the substrate is preferably controlled at a fixed angle by the 
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polymerization of the linear carbon chains. This is because the power to 
control the alignment of the liquid crystal is improved. 

In the liquid crystal alignment film, it is preferable that the molecule 
group includes shorter molecules than the molecules having the linear 

5 carbon chains; the tilt of the linear carbon chains to the substrate is 
controlled at the fixed angle by the presence of the molecules; the tilt to the 
substrate becomes larger or smaller than the angle by the selective 
polymerization of at least part of the linear carbon chains; and the decrease 
or the increase forms regions having polarized linear carbon chains into a 

10 projective portion or a depressive portion. In this preferable example, the 
projective portions or the depressive portions on the surface of the film 
which are controlled at a molecular level contribute to the regularity of the 
alignment of the liquid crystal. 

In the liquid crystal alignment film, it is preferable that on the 

15 surface of the substrate, regions having polarized linear carbon chains form 
plural stripes almost parallel to each other via regions where the linear 
carbon chains are not polymerized. In this preferable example, the power 
to control the alignment of the liquid crystal is further improved. An 
increase in the power to control the alignment of the liquid crystal becomes 

20 remarkable when the above-mentioned projective portions or the depressive 
portions extend in the same direction on the surface of the liquid crystal 
alignment film. 

In the liquid crystal alignment film, it is preferable that one end of 
the molecules having the linear carbon chains is fixed on the surface of the 
25 substrate via siloxane bond. This is because the exfoliation resistance of 
the liquid crystal alignment film is further improved. 

In the liquid crystal alignment film, it is preferable that the 
molecules composing the molecule group are bonded to each other via 
siloxane bond. In this preferable example, the exfoliation resistance can be 
30 further improved. Also, the molecule bonding can further improve the 
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precision of the alignment of the linear carbon chains with regard to the 
substrate. 

In order to achieve the first object, the first method of producing the 
liquid crystal alignment film of the present invention comprises the steps of 
5 contacting the surface of the substrate with a chemical adsorption solution 
and causing a chemical reaction between surface active agent molecules 
having linear carbon chains contained in the chemical adsorption solution 
and hydrophilic groups on the surface, thereby fixing one end of the 
molecules to the surface of the substrate; and selectively exposing a film 
10 composed of a molecule group containing the molecules, thereby providing 
at least part of the linear carbon chains with alignment with respect to the 
substrate. 

According to this method of producing a liquid crystal alignment 
film, the absence of rubbing makes it possible to produce a liquid crystal 

15 alignment film efficiently and rationally which is capable of maintaining 
uniformity even in a large-scale panel or in a stepped portion on the 
substrate surface. In addition, the provision of the power to control the 
alignment of the liquid crystal is performed by making use of a change in 
the alignment of the linear carbon chains done by exposure, so an increased 

20 area of the panel does not basically result in a decrease in production 
efficiency. 

In the method of producing the liquid crystal alignment film, it is 
preferable that the step of providing at least part of the linear carbon chains 
with alignment with respect to the substrate is the step of polymerizing the 

25 linear carbon chains, thereby controlling the tilt of the linear carbon chains 
to the substrate at a fixed angle. In this preferable embodiment, the amount 
of the tilt of the linear carbon chains to the substrate is fixed, making it 
possible to produce a liquid crystal alignment film with improved precision 
in aligning the liquid crystal. 

30 In the method of producing the liquid crystal alignment film, it is 
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preferable that the tilt of the linear carbon chains to the substrate is 
controlled at the fixed angle by fixing one end of surface active agent 
molecules having linear carbon chains as well as molecules having a shorter 
molecular length than the molecules to the surface of the substrate; the 
5 angle of the polymerized linear carbon chains to the substrate is increased 
or decreased from the angle by selectively polymerizing at least part of the 
linear carbon chains; and the decrease or the increase forms regions having 
polymerized linear carbon chains into a projective portion or a depressive 
portion. In this preferable example, the projective portions or the 

10 depressive portions on the surface of the film which are controlled at a 
molecular level contribute to improvement in the power to control the 
alignment of the liquid crystal. 

The method of producing the liquid crystal alignment film 
preferably further comprises the step of cleansing the surface of the 

15 substrate with an organic solvent, after the step of fixing one end of the 
surface active agent molecules having the linear carbon chains onto the 
surface, and before the step of exposing the film composed of the molecule 
group containing the molecules. In this preferable example, since excess 
surface active agent molecules not fixed on the substrate surface are 

20 removed with the organic solvent, the liquid crystal alignment film can be 
like a monomolecular film. Making the liquid crystal alignment film like a 
monomolecular film can further improve the power to control alignment and 
exfoliation resistance. 

In the method of producing the liquid crystal alignment film, it is 

25 preferable that in the step of cleansing with the organic solvent, the 
draining of the organic solvent from the surface of the substrate is 
performed in a predetermined direction, thereby aligning the linear carbon 
chains in the predetermined direction. In this preferable example, the 
precision of the alignment of the liquid crystal can be further improved 

30 because the tilt of the linear carbon chains can be aligned primarily. 
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In the method of producing the liquid crystal alignment film, it is 
preferable that the tilt of the linear carbon chains to the substrate is 
controlled at the fixed angle by setting the draining of the organic solvent 
from the surface of the substrate at a predetermined direction; the angle of 

5 the polymerized linear carbon chains to the substrate is increased or 
decreased from the angle by selectively polymerizing at least part of the 
linear carbon chains each other; and the decrease or the increase forms 
regions having polymerized linear carbon chains into a projective portion or 
a depressive portion. In this preferable example, it becomes possible to 

10 produce a liquid crystal alignment film where the projective portions or the 
depressive portions on the surface of the film controlled at molecular level 
can contribute to improvement in the power to control the alignment of the 
liquid crystal. 

The precision of the alignment of the liquid crystal can be further improved 

15 by employing, as the method of primarily aligning the linear carbon chains, 
a combination of the method of setting the drainage direction of the organic 
solvent at a predetermined direction and the method of fixing one end of the 
surface active agent molecules having linear carbon chains and one end of 
shorter surface active agent molecules as well on the substrate surface. 

20 In the method of producing the liquid crystal alignment film, it is 

preferable that as the organic solvent, a nonaqueous organic solvent 
containing at least one selected from an alkyl group, a carbon fluoride group, 
a carbon chloride group, and a siloxane group is used. In this preferable 
example, in the cleansing step, the reaction between excess surface active 

25 agent molecules not bonded to the substrate surface and reactive molecules 
such as water in the air can be suppressed, thereby securing the removal of 
excess surface active agent molecules so as to produce an excellent 
monomolecular film -like film. 

In the method of producing the liquid crystal alignment film, it is 

30 preferable that exposure is conducted via the translucent substrate on 
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which plural projections and depressions are extended almost in a same 
direction, so that on the surface of the substrate, regions having 
polymerized linear carbon chains form plural stripes almost parallel to each 
other via regions where the linear carbon chains are not polymerized. In 

5 this preferable example with the selective exposure, it becomes possible to 
provide a liquid crystal alignment film with further improved power to 
control the alignment of the liquid crystal. The improvement in the power 
to control the alignment becomes remarkable when the projections and 
depressions extend in the same direction on the surface of the liquid crystal 

10 alignment film. 

In the method of producing the liquid crystal alignment film, it is 
preferable that the exposure is conducted via the translucent substrate, and 
the depressive portions of the projections and depressions on its surface are 
0.01 to 0.5 Jim in width and depth. It is further preferable that light 

15 reaching the film via the translucent substrate is diffracted by the 
projections and depressions on the translucent substrate. This is because 
the power to control the alignment can be improved. 

In the method of producing the liquid crystal alignment film, it is 
preferable that the surface active agent molecules having the linear carbon 

20 chains contain a silicic group selected from a chlorosilyl group, an alkoxy 
silyl group, and an isocyanato silyl group at the end. This is because a 
chemical adsorption film with high exfoliation resistance can be produced 
efficiently. 

In the method of producing the liquid crystal alignment film, it is 
25 preferable that the surface active agent molecules having the linear carbon 
chains contain a photo-polymeric functional group in the linear carbon 
chains. It is further preferable that the photo-polymeric functional group 
is a diacetylene group. 

In these preferable examples, the linear carbon chains are polymerized 
30 efficiently through exposure. 
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Another configuration of the method of producing the first liquid 
crystal alignment film of the present invention comprises the steps of 
contacting the surface of the substrate with a chemical adsorption solution 
and causing a chemical reaction between surface active agent molecules 
5 having linear carbon chains contained in the chemical adsorption solution 
and hydrophilic groups on the surface, thereby fixing one end of the 
molecules to the surface of the substrate; draining the surface from the 
organic solvent contacted thereon while setting the surface at a 
predetermined direction, thereby cleansing and drying the surface; and 

10 arranging the translucent substrate on which plural projections and 
depressions are extended nearly in the same direction in a manner that the 
direction to extend the plural projections and depressions is not orthogonal 
to the drainage direction, and exposing a film composed of a molecule group 
containing the molecules via the translucent substrate. According to this 

15 configuration, when the film is exposed via the translucent substrate on 
which plural projections and depressions extend nearly in the same 
direction, the translucent substrate is so arranged that the direction to 
extend the projections and depressions is not orthogonal to the drainage 
direction of the organic solvent, further improving the precision of the 

20 alignment of the liquid crystal. Here, arranging not to be orthogonal 
means not arranging be exact orthogonal, including arranging to be nearly 
orthogonal. 

The first liquid crystal display device of the present invention 
comprises two substrates arranged with a predetermined space 

25 therebetween, at least one of opposing surfaces of the substrates being 
coated with a liquid crystal alignment film, and liquid crystal sandwiched 
by the two substrates and aligned under control of the liquid crystal 
alignment film, wherein the liquid crystal alignment film is a film made 
from a molecule group one end thereof chemically adsorbed on the surface 

30 of the substrate, the molecule group including molecules having linear 
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carbon chains, and at least part of the linear carbon chains are selectively 
polymerized. In such a liquid crystal display device, a decrease in the 
uniformity of the liquid crystal alignment film can be suppressed in the 
panel with a large area or in a stepped portion on the substrate surface, 

5 thereby properly maintaining the alignment of the liquid crystal. 

In the liquid crystal display device, it is preferable that the tilt of the 
liner carbon chains to the substrate is controlled at a fixed angle by the 
polymerization of the linear carbon chains. This is because the power to 
control the alignment of the liquid crystal can be improved. 

10 In the liquid crystal display device, when the surface of a substrate 

has a stepped portion as a result that at least one thin film member selected 
from an electrode, a color filter, and a thin film transistor is formed on part 
of the surface of the substrate, and the liquid crystal alignment film is 
formed in a region including the stepped portion, a decrease in the 

15 uniformity of the liquid crystal alignment which would be caused when the 
liquid crystal alignment film is formed by rubbing can be suppressed in the 
stepped portion. 

In the liquid crystal display device, it is preferable that the liquid 
crystal alignment film includes plural regions different in aligning direction. 

20 This is because the display device can have a large viewing angle. 

In order to achieve the first object, the method of producing a second 
liquid crystal alignment film of the present invention comprises the step 
containing exposure in which the film formed on the surface of the substrate 
is provided with plural projections and depressions extending almost in a 

25 same direction. According to this production method, the predetermined 
projections-and-depressions pattern on the surface is formed not by rubbing 
but by changing the molecule composition in the exposure-including step. 
Therefore, a decrease in the uniformity of the liquid crystal alignment can 
be suppressed in a stepped portion on the substrate surface or in the panel 

30 with a large area. In the method of producing the liquid crystal alignment 
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film , it is preferable that the depressive portions of the projections and 
depressions are 0.01 to 0.5 pm in width. This is because the power to control 
the alignment of the liquid crystal is improved. 

In the method of producing the liquid crystal alignment film, it is 

5 preferable that the film is a chemical adsorption polymer film. In this 
preferable example, properties in the durability of the film, such as 
exfoliation resistance can be improved. 

In the method of producing the liquid crystal alignment film, it is 
preferable that the chemical adsorption polymer film is bonded to the 

10 surface of the substrate through the intermediary of siloxane bond. This is 
because the properties of the liquid crystal alignment film, such as 
exfoliation resistance can be further improved. 

Another configuration of the method of producing the second liquid 
crystal alignment film of the present invention comprises the steps of 

15 forming a photosensitive polymer-containing film on the surface of a 
substrate; exposing the film in a manner that exposed regions form plural 
stripes almost parallel to each other via unexposed regions; forming plural 
projections and depressions extending almost in a same direction on the 
surface of the film by removing a part of the film by making use of the 

20 difference in the molecular structure of the molecules composing the film 
caused by exposure. 

According to this production method of the liquid crystal alignment 
film, the projections-and-depressions pattern on the surface is formed not by 
rubbing but by the exposure-including step. Therefore, a liquid crystal 

25 alignment film with a suppressed decrease in the uniformity of the liquid 
crystal alignment in a stepped portion on the substrate surface or in the 
panel with a large area can be produced efficiently. In addition, a panel 
with an increased area does not basically decrease the efficiency in 
productivity. 

30 In the method of producing the liquid crystal alignment film, it ia 
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preferable that the difference in the molecular structure of the molecules 
composing the film caused by the exposure is the difference in the degree of 
polymerization of the molecules composing the film. 

In the method of producing the liquid crystal alignment film, it is 
5 preferable that the exposure is performed via the translucent substrate on 
which plural projections and depressions extend almost in a same direction. 
This is because simple and effective production can be realized. 

In the method of producing the liquid crystal alignment film, it is 
preferable that the step of exposing the film is the step of exposing the film 

10 in a manner that exposed regions form stripes extending nearly in the same 
direction as the direction to extend the projections and depressions on the 
surface of the translucent substrate. It is further preferable that the 
pattern of the projections and depressions on the surface of the translucent 
substrate is transferred as the pattern of the exposed regions and 

15 non -exposed regions of the film. In these preferable examples, it becomes 
possible to efficiently produce a liquid crystal alignment film which provides 
a high power to control the alignment in a fixed direction. 

In the method of producing the liquid crystal alignment film, it is 
preferable that the depressive portions of the projections and depressions on 

20 the surface of the translucent substrate are 0.01 to 0.5 pm in width and 
depth. This is because the power to control the alignment of the liquid 
crystal can be improved. 

In the method of producing the liquid crystal alignment film, it is 
preferable that the solution containing photosensitive surface active agent 

25 molecules is contacted with the surface of the substrate so as to chemically 
adsorb the surface active agent molecules to the substrate, thereby forming 
the photosensitive polymer-containing film. In this preferable example, it 
becomes possible to form a chemical adsorption film with excellent 
properties in durability such as exfoliation resistance. 

30 In the method of producing the liquid crystal alignment film, it is 
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preferable that the surface active agent molecules contain a silicic group 
selected from a chlorosilyl group, an alkoxy silyl group, and an isocyanato 
silyl group at the end. This is because it becomes possible to efficiently 
produce a chemical adsorption film with high exfoliation resistance. 

5 The translucent substrate for exposing a liquid crystal alignment 

film of the present invention comprises plural projections and depressions 
extended nearly in the same direction on the surface thereof. It is 
preferable that the projections and depressions are 0.01 to 0.5 in width 
and depth. These translucent substrates for exposure are suitable for the 

10 production method of the liquid crystal alignment film of the present 
invention, and can provide the film with excellent power to control the 
alignment. 

The method of producing the translucent substrate for exposing a 
liquid crystal alignment film of the present invention is a method of 

15 producing a translucent substrate used for exposure of a liquid crystal 
alignment film provided with plural projections and depressions extending 
nearly in the same direction thereon, comprising the steps of cleansing the 
transparent substrate, and rubbing the surface of the transparent substrate 
nearly in the same direction with the use of a member higher in hardness 

20 than the transparent substrate. 

In the method of producing the translucent substrate for exposing a 
liquid crystal alignment film, it is preferable that the transparent substrate 
is made of either a polycarbonate resin or an acrylic resin. In the case 
where the translucent substrate is made of a resin as in this preferable 

25 example, as the above-mentioned member (for rubbing the substrate), a 
brush or a scrubbing brush can be used; however, it is preferable to use a 
rubbing cloth conventionally used for the production of a liquid crystal 
alignment film. Another configuration of the method of producing the 
translucent substrate for exposing a liquid crystal alignment film of the 

30 present invention is provided with plural projections and depressions 
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extending nearly in the same direction thereon, comprising the steps of 
cleansing the transparent substrate; applying a photosensitive resist on the 
surface of the transparent substrate; exposing the photosensitive resist in a 
manner that exposed regions form plural stripes almost parallel to each 
5 other via non-exposed regions; and developing the photosensitive resist. 
According to this production method, it becomes possible to produce a high 
precision translucent substrate for exposure, which can be a translucent 
substrate provided with the function of diffracting light. 

In the method of producing the translucent substrate for exposing a 

10 liquid crystal alignment film, it is preferable that the photosensitive resist 
is exposed by using at least one selected from ultraviolet rays, far 
ultraviolet rays, and electronic beams. 

In the method of producing the translucent substrate for exposing a 
liquid crystal alignment film, it is preferable that the surface is etched by at 

15 least one method selected from chemical etching, plasma etching, and 
sputter etching, after the step of developing the photosensitive resist. In 
this preferable example, the aspect ratio of the projections and depressions 
on the translucent substrate could be increased. 

In order to achieve the first object, the second liquid crystal display 

20 device of the present invention comprises two substrates arranged with a 
predetermined space therebetween, at least one of opposing surfaces of the 
substrates being coated with a liquid crystal alignment film, and liquid 
crystal sandwiched by the two substrates and aligned under control of the 
liquid crystal alignment film, wherein the liquid crystal alignment film is 

25 provided with plural projections and depressions extending almost in a 
same direction formed by the step containing exposure on a surface in 
contact with the liquid crystal. Such a liquid crystal display device has the 
alignment of the liquid crystal properly maintained even in a panel with a 
large area or in a stepped portion on the substrate surface. 

30 In the liquid crystal display device, when the surface of a substrate 



14 



has a stepped portion as a result that at least one thin film member selected 
from an electrode, a color filter, and a thin film transistor is formed on part 
of the surface of the substrate, and the liquid crystal alignment film is 
formed in a region including the stepped portion, a decrease in the 
5 uniformity of the liquid crystal alignment which would be caused when the 
liquid crystal alignment film is formed by rubbing can be suppressed in the 
stepped portion. 

In the liquid crystal display device, it is preferable that the liquid 
crystal alignment film includes plural regions different in aligning direction. 

10 This is because the display device can have a large viewing angle. 

In order to achieve the second object, a third liquid crystal alignment 
film of the present invention is a film like a monomolecular film formed on 
the surface of the substrate provided with previously formed electrodes 
whose surfaces are rubbed either directly or after an arbitrary thin film is 

15 formed thereon, hi the liquid crystal alignment film, it is preferable that a 
molecule constituting the monomolecular film-like film is provided with a 
carbon chain or a siloxane connection chain, and at least one functional 
group for controlling the surface energy of the film is provided on the end or 
part of the carbon chain or the siloxane connection chain. 

20 According to this structure, it becomes possible to provide a liquid 

crystal alignment film which has a nanometer level thickness because of 
being a monomolecular like film, and can control the aligning direction of 
the liquid crystal by rubbing and also control the pre-tilt angle of the liquid 
crystal through the control of its critical surface energy. 

25 In the liquid crystal alignment film, it is preferable that a mixture of 

plural kinds of silanebased surface active agents different in critical 
surface energy is used as a molecule constituting the film, and the fixed film 
is controlled to have a desired critical surface energy value. It is because 
that is convenient for the control of the pre-tilt angle of the liquid crystal. 

30 In the liquid crystal alignment film, it is preferable that the 
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functional group for controlling the surface energy is at least one organic 
group selected from a carbon trifluoride group (-CF3), a methyl group (CH3), 
a vinyl group (CH=CH2), an aryl group (-CH=CH), an acetylene group (a 
carbon to carbon triple bond), a phenyl group ( CgHb), a phenylene group 
5 ( C 6 H4-), a halogen atom, an alkoxy group ( OR;R indicates an alkyl group), 
a cyano group (CN), an amino group ( NH2), a hydroxyl group ( OH), a 
carbonyl group (=CO), a carboxy group ( COO ), and a carboxyl group 
(-COOH). This is because the control of the critical surface energy can be 
facilitated. The critical surface energy of the film is preferably controlled 

10 at a desired value between 15 mN/m to 56 mN/m, and this control of the 
critical surface energy can control the pre-tilt angle of the liquid crystal to 
be injected in the range of 0 to 90 degrees. 

In the liquid crystal alignment film, it is preferable that the 
molecule constituting the film contains Si on the end. This is because the 

15 fixing of the molecules to the substrate surface can be greatly facilitated. 

In order to achieve the second object, the method of producing the 
third liquid crystal alignment film of the present invention comprises the 
steps of- rubbing the surface of the substrate provided with previously 
formed electrodes thereon either directly or after an arbitrary thin film is 

20 formed thereon; and contacting the surface of the substrate with a chemical 
adsorption solution prepared by using a silane-based surface active agent 
containing a carbon chain or a siloxane connection chain and at least one 
function group for controlling the surface energy of the film is provided on 
the end or at a part of the carbon chain or the siloxane connection chain. 

25 As a result, this method offers a monomolecular film-like liquid crystal 
alignment film. 

According to this production method, it becomes possible to 
effectively produce a liquid crystal alignment film which can compose a 
highly reliable liquid crystal display device where the aligning direction of 
30 the liquid crystal can be controlled by the direction of rubbing, and the 
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pre-tilt angle of the liquid crystal can be controlled by the surface energy of 
the monomolecular film-like film. 

In the production method for the liquid crystal alignment film, it is 
preferable that as the surface active agent, a silane-based surface active 
5 agent containing a linear carbon chain or a siloxane connection chain, and a 
chlorosilyl group, an alkoxy silyl group, or an isocyanato silyl group is used. 
This is because that is convenient for the production of a monomolecular 
film-like film. 

In the production method for the liquid crystal alignment film, it is 
10 preferable that as the surface active agent, a mixture of plural kinds of 
silicon-based surface active agents different in critical surface energy is 
used. This is because the critical surface energy of the film can be 
controlled minutely, which is convenient for the control of the pre-tilt angle 
of the liquid crystal. 

15 In the production method for the liquid crystal alignment film, it is 

preferable that the carbon chain or the siloxane connection chain contains 
at least one organic group selected from a carbon trifluoride group (-CF3), a 
methyl group (CH 3 ), a vinyl group (-CH=CH2>, an aryl group (-CH=CH-), an 
acetylene group (a carbon-to-carbon triple bond), a phenyl group (-C6H5), a 

20 phenylene group ( CgEU ), a halogen atom, an alkoxy group (OR;R indicates 
an alkyl group), a cyano group ( CN), an amino group ( NH2), a hydroxyl 
group (-OH), a carbonyl group C=CO), a carboxy group (-COO), and a 
carboxyl group (-COOH) on the end or a part of the carbon chain or the 
siloxane connection chain. This is because the control of the critical 

25 surface energy can be performed accurately. 

In the production method for the liquid crystal alignment film, it is 
preferable that after the step of fixing one end of the surface active agent 
molecules to the surface of the substrate by bonding, the substrate is 
cleansed with an organic solvent, and set upright in a desired direction for 

30 drainage, thereby aligning the fixed molecules in the drainage direction. 
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This is because a liquid crystal alignment film with excellent alignment 
properties can be offered. 

In the production method for the liquid crystal alignment film, it is 
preferable that after the molecules are aligned, the aligned molecules are 
5 exposed via a polarizer film, thereby realigning the aligned molecules in a 
desired direction. This is because the alignment properties can be further 
improved. 

In the production method for the liquid crystal alignment film, it is 
preferable that as the surface active agent a silane-based surface active 

10 agent containing a linear carbon chain or a siloxane connection chain and a 
chlorosilyl group or an isocyanato silyl group is used, and as the organic 
solvent for cleansing a nonaqueous organic solvent containing no water is 
used. This is because a monomolecular film like liquid crystal alignment 
film with fewer defects can be offered. 

15 In the production method for the liquid crystal alignment film, it is 

preferable that as the nonaqueous organic solvent, a solvent containing an 
alkyl group, a carbon fluoride group, a carbon chloride group, or a siloxane 
group is used. This is because that is convenient for draining. 

In the production method for the liquid crystal alignment fil m , it is 

20 preferable that after the step of rubbing and before the step of fixing one 
end of the surface active agent molecules, the step of forming a film 
containing numerous SiO groups is performed to form a monomolecular 
film-like film via the film. This is because a monomolecular film-like liquid 
crystal alignment film with higher density can be offered. 

25 In order to achieve the second object, the third liquid crystal display 

device of the present invention is characterized in that a film, which is 
composed of a molecule provided with a carbon chain or a siloxane 
connection chain, and at least one functional group for controlling the 
surface energy of the film is provided on the end or part of the carbon chain 

30 or the siloxane connection chain, is formed as a liquid crystal alignment film 
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either directly or indirectly through another film on the electrode-side 
surface of at least one of the substrates provided with two opposing 
electrodes, the surfaces of the electrodes are rubbed either directly or after 
an arbitrary thin film is formed thereon, and liquid crystal is sandwiched by 

5 the two opposing electrodes via the alignment film. 

In the liquid crystal display device, it is preferable that the film is 
arranged as an alignment film on each of the surfaces of the two substrates 
on which the opposing electrodes are formed and rubbed. This is because a 
liquid crystal display device with a higher contrast can be offered. 

10 In the liquid crystal display device, it is preferable that the films on 

the surfaces of the substrates contain a plurality of patterned sites different 
in aligning direction. This is because that is convenient to greatly improve 
the display viewing angle. 

The liquid crystal display device can be used for an in-plane 

15 switching (IPS) type display device in which the opposing electrodes are 
formed on one of the surfaces of the substrates. 

The method of producing the third liquid crystal display device of 
the present invention comprises the steps of rubbing a first substrate 
having a first electrode group previously arranged in a matrix either 

20 directly or after an arbitrary thin film is formed thereon; contacting the 
surface of the first substrate with a chemical adsorption solution prepared 
by using a silane-based surface active agent containing a carbon chain or a 
siloxane connection chain and at least one function group for controlling the 
surface energy of the film is provided on the end or at a part of the carbon 

25 chain or the siloxane connection chain, and causing a chemical reaction 
between surface active agent molecules contained in the chemical 
adsorption solution and the surface of the substrate, thereby fixing one end 
of the surface active agent molecules to the surface of the substrate; 
cleansing the substrate with an organic solvent and draining the surface by 

30 setting it upright at a predetermined direction, thereby aligning the fixed 
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molecules in the drainage direction; and positioning the first substrate 
having the first electrode group and a second substrate or the second 
substrate having a second electrode or an electrode group by setting the 
surfaces provided with the electrodes inside while maintaining a 

5 predetermined space, and fixing them by bonding; and injecting 
predetermined liquid crystal between the first and second substrates. 
According to this production method, the liquid crystal display device can be 
produced efficiently. 

In the production method of the liquid crystal display device, it is 

10 preferable that the step of aligning the surface active agent molecules in a 
specific direction with a desired tilt by exposing them to light polarized in a 
desired direction via a polarizing plate is conducted after the step of 
aligning the fixed molecules. This is because a liquid crystal display device 
with more excellent alignment properties can be realized. 

15 In the production method of the liquid crystal display device, in the 

step of aligning the bonded surface active agent molecules in a specific 
direction with a desired tilt by exposing them to fight polarized in a desired 
direction via a polarizing plate, the process of exposing a patterned mask 
laid on the polarizing plate is conducted several times so as to provide 

20 patterned plural sites different in aligning direction within the alignment 
film in the same surface. As a result, a liquid crystal display device with 
multi-domain alignment can be offered. 

In order to achieve the second object, a fourth liquid crystal 
alignment film of the present invention is a monomolecular film -like film 

25 formed on the surface of the substrate provided with desired electrodes, the 
surface of the film being rubbed. In the liquid crystal alignment film, it is 
preferable that the molecule constituting the film is provided with a carbon 
chain or a siloxane connection chain, and at least one functional group for 
controlling the surface energy of the coating film is provided on the end or 

30 part of the carbon chain or the siloxane connection chain. 
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As a result of this structure, it becomes possible to provide a liquid 
crystal alignment film which has a nanometer level thickness because of 
being a monomolecularlike film, and can control the aligning direction of 
the liquid crystal by rubbing and also control the pre-tilt angle of the liquid 
5 crystal through the control of its critical surface energy. 

In the liquid crystal alignment film, it is preferable that a mixture of 
plural kinds of silane-based surface active agents different in critical 
surface energy is used as a molecule constituting the film, and the fixed film 
is controlled to have a desired critical surface energy value. This is 

10 because that is convenient for the arbitral control of the pre-tilt angle of the 
injected liquid crystal. 

In the liquid crystal alignment film, it is preferable that the 
functional group for controlling the surface energy is at least one organic 
group selected from a carbon trifiuoride group (-CF3), a methyl group (-CH3), 

15 a vinyl group (-CH-CH2), an aryl group (-CH-CH-), an acetylene group (a 
carbon-to-carbon triple bond), a phenyl group (-C6H5), a phenylene group 
(-C6H4-), a halogen atom, an alkoxy group (-OR;R indicates an alkyl group), 
a cyano group (-CN), an amino group (-NH2), a hydroxyl group (-OH), a 
carbonyl group (=CO), a carboxy group (-COO), and a carboxyl group 

20 (-COOH). This is because the control of the critical surface energy can be 
facilitated. The critical surface energy of the film is preferably controlled 
at a desired value between 15 raN/m to 56 mN/m, and this control of the 
critical surface energy can control the pre-tilt angle of the liquid crystal to 
be injected in the range of 0 to 90 degrees. 

25 In the liquid crystal alignment film, it is preferable that the molecule 
constituting the film contains Si on the end. This is because the fixing of 
the molecules to the substrate surface can be greatly facilitated. 

In order to achieve the second object, the method of producing the 
fourth liquid crystal alignment film of the present invention comprises the 

30 steps of : contacting the surface of the substrate having an electrode thereon 
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with a chemical adsorption solution prepared by using a silane-based 
surface active agent containing a carbon chain or a siloxane connection 
chain and at least one function group for controlling the surface energy of 
the film is provided on the end or at a part of the carbon chain or the 
5 siloxane connection chain, and causing a chemical reaction between surface 
active agent molecules contained in the chemical adsorption solution and 
the surface of the substrate, thereby fixing one end of the surface active 
agent molecules to the surface of the substrate; and rubbing the surface. 
As a result, the method can offer a monomolecular film-like liquid crystal 

10 alignment film. 

In the production method of the liquid crystal alignment film, it is 
preferable that as the surface active agent, a silane-based surface active 
agent containing a linear carbon chain or a siloxane connection chain, and a 
chlorosilyl group, an alkoxy silyl group, or an isocyanato silyl group is used. 

15 This is because that is convenient for the production of a monomolecular 
film-like film. 

In the production method of the liquid crystal alignment film, it is 
preferable that as the surface active agent, a mixture of plural kinds of 
silicon-based surface active agents different in critical surface energy is 

20 used. This is because the critical surface energy of the film can be 
controlled minutely, which is convenient for the precision control of the 
pre-tilt angle of the liquid crystal. 

In the production method of the liquid crystal alignment film, it is 
preferable that the carbon chain or the siloxane connection chain contains 

25 at least one organic group selected from a carbon trifluoride group (-CF3), a 
methyl group (-CH3X a vinyl group (-CH=CH2), an aryl group (*CH=CH-), an 
acetylene group (a carbon-to-carbon triple bond), a phenyl group (-C6H5), a 
phenylene group (-C6H4O, a halogen atom, an alkoxy group (-OR;R indicates 
an alkyl group), a cyano group ( CN), an amino group ( NH2X a hydroxyl 

30 group (-OH), a carbonyl group (=CO), a carboxy group (-COO), and a 
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carboxyl group (-COOH) on the end or a part of the carbon chain or the 
siloxane connection chain. This is because the critical surface energy of the 
film can be controlled minutely. 

In the production method of the liquid crystal alignment film, it is 

5 preferable that after the step of fixing one end of the surface active agent 
molecules to the surface of the substrate by bonding, the substrate is 
cleansed with an organic solvent, and set upright in a desired direction for 
drainage so as to preliminarily align the fixed molecules in the drainage 
direction, and then rubbing is applied. This is because the aligning 

10 direction of the injected liquid crystal can be controlled uniformly. 

In the production method of the liquid crystal alignment film, it is 
preferable that after the aligned molecules are aligned in a desired direction 
by rubbing the monomolecular film in an optional direction, the step of 
exposing a patterned mask laid on the polarizing plate is conducted as to 

15 provide patterned plural sites different in aligning direction within the 
alignment film in the same surface. This is because the display 
performance of the device can be further improved. 

In the production method of the liquid crystal alignment film, it is 
preferable that as the surface active agent, a silane-based surface active 

20 agent containing a linear carbon chain or a siloxane connection chain, and a 
chlorosilyl group or an isocyanato silyl group is used, and as the organic 
solvent for cleansing a nonaqueous organic solvent containing no water is 
used. This is because a monomolecular film-like liquid crystal alignment 
film with fewer defects can be offered. 

25 In the production method of the liquid crystal alignment film, it is 

preferable that as the nonaqueous organic solvent, a solvent containing an 
alkyl group, a carbon fluoride group, a carbon chloride group, or a siloxane 
group is used. This is because that is convenient for draining. 

In the production method of the liquid crystal alignment film, it is 

30 preferable that before the step of fixing one end of the surface active agent 
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molecules, the step of forming a film containing numerous SiO groups is 
performed to form a monomolecular film-like film via the film, and then 
rubbing is conducted. This is because a monomolecular film-like liquid 
crystal alignment film with higher density can be offered. 
5 In order to achieve the second object, the fourth liquid crystal 

display device of the present invention is characterized in that a 
monomolecular film-like film, which is composed of a molecule provided 
with a carbon chain or a siloxane connection chain, and at least one 
functional group for controlling the surface energy of the film is provided on 

10 the end or part of the carbon chain or the siloxane connection chain, is 
rubbed and formed as a liquid crystal alignment film either directly on the 
electrode-side surface of at least one of the substrates provided with two 
opposing electrodes, or indirectly through another film, and liquid crystal is 
sandwiched by the two opposing electrodes via the alignment film. This 

15 makes it possible to provide a liquid crystal display device which has a 
liquid crystal alignment film of a nanometer level thickness, and can control 
the aligning direction of the liquid crystal by rubbing and also control the 
pre tilt angle of the liquid crystal through the control of its critical surface 
energy. 

20 In the liquid crystal display device, it is preferable that the film is 

arranged as an alignment film on each of the surfaces of the two substrates 
on which the opposing electrodes are formed. This is because a liquid 
crystal display device with a high contrast can be obtained. 

In the liquid crystal display device, it is preferable that the films on 

25 the surfaces of the substrates contain plural patterned sites different in 
aligning direction. This is because that is convenient to improve the 
display viewing angle greatly 

The liquid crystal display device can be used for an in-plane 
switching (IPS) type display device in which the opposing electrodes are 

30 formed on one of the surfaces of the substrates. 
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The method of producing the fourth liquid crystal display device of 
the present invention comprises the steps of contacting a first substrate 
having a first electrode group previously arranged in a matrix either 
directly or after an arbitrary thin film is formed thereon with a chemical 
5 adsorption solution prepared by using a silanebased surface active agent 
containing a carbon chain or a siloxane connection chain and at least one 
function group for controlling the surface energy of the film is provided on 
the end or at a part of the carbon chain or the siloxane connection chain, and 
causing a chemical reaction between surface active agent molecules 

10 contained in the chemical adsorption solution and the surface of the 
substrate, thereby fixing one end of the surface active agent molecules to 
the surface of the substrate; cleansing the substrate with an organic solvent 
and draining the surface by setting it upright at a predetermined direction, 
thereby preliminarily aligning the fixed molecules in the drainage direction; 

15 rubbing the surface; and positioning the first substrate having the first 
electrode group and a second substrate or the second substrate having a 
second electrode or an electrode group by setting the surfaces provided with 
the electrodes inside while maintaining a predetermined space, and fixing 
them by bonding, and injecting predetermined liquid crystal between the 

20 first and second substrates. According to this production method, a liquid 
crystal display device with excellent display properties can be produced 
efficiently. 

In the production method of the liquid crystal display device, after 
the step of aligning the rubbed and bonded surface active agent molecules in 
25 a specific direction while keeping a desired amount of tilt, the step of 
exposing a patterned mask laid on the polarizing plate is conducted to 
provide patterned plural sites different in aligning direction within the 
alignment film in the same surface. As a result, a liquid crystal display 
device with multi-domain alignment can be offered efficiently. 

30 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a view showing the state where surface active agent 

molecules having linear carbon chains and chlorosilane groups chemically 

adsorbed on the surface of a substrate. 
5 Figure 2 is a view showing the state where the surface active agent 

molecules chemically adsorbed on the surface of the substrate shown in 

Figure 1 are bonded to each other. 

Figure 3 is a view showing an embodiment of the first liquid crystal 

alignment film of the present invention. 
10 Figure 4 is a view showing an example of the reaction of 

polymerization of the linear carbon chains in an embodiment of the first 

liquid crystal alignment film of the present invention. 

Figure 5 is a cross sectional view showing the substrate soaked in a 

chemical adsorption solution in an embodiment of the production method of 
15 the first liquid crystal alignment film of the present invention. 

Figure 6 is a cross sectional view showing the substrate of an 

embodiment of the present invention which has been cleansed with an 

organic solvent and is going to be drained in an embodiment of the 

production method of the first liquid crystal alignment film of the present 
20 invention. 

Figure 7 is a cross sectional view showing a method of forming 
projections and depressions in an embodiment of the transparent substrate 
for exposure of the present invention. 

Figure 8 is a cross sectional view showing another method of 
25 forming projections and depressions in an embodiment of the transparent 
substrate for exposure of the present invention. 

Figure 9 is a cross sectional view showing an embodiment of the 
transparent substrate for exposure of the present invention. 

Figure 10 is a view showing the relationship between the size of the 
30 projections-and-depressions pattern and the alignment degree of an 
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embodiment of the transparent substrate for exposure of the present 
invention. 

Figure 11 is a perspective view showing a method for exposure with 
the use of the transparent substrate as a mask in an embodiment of the 
5 production method of the first liquid crystal alignment film of the present 
invention. 

Figure 12 is a view showing an embodiment of the transparent 
substrate on which the first liquid crystal alignment film of the present 
invention is formed. 

10 Figure 13 is a cross sectional view showing an embodiment of the 

first liquid crystal alignment film of the present invention. 

Figure 14 is a cross sectional view showing an exposure method for a 
film via an exposure mask in an embodiment of the production method of 
the second liquid crystal alignment film of the present invention. 
15 Figure 15 is a cross sectional view showing an embodiment of a 

transparent substrate on which the second liquid crystal alignment film of 
the present invention is formed. 

Figure 16 is a cross sectional view showing an embodiment of the 
second liquid crystal display device of the present invention. 
20 Figure 17 is a cross sectional view showing the substrate soaked in a 

chemical adsorption solution in an embodiment of the production method of 
the third liquid crystal alignment film of the present invention. 

Figure 18 is a cross sectional view showing the substrate which has 
been cleansed with an organic solvent and is going to be drained in an 
25 embodiment of the production method of the third liquid crystal alignment 
film of the present invention. 

Figure 19 is a view showing an embodiment of the third liquid 
crystal alignment film of the present invention. 

Figure 20 is a perspective view showing a method for exposure via a 
30 polarizer film in an embodiment of the production method of the third liquid 
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crystal alignment film of the present invention. 

Figure 21 is a view showing an embodiment of the transparent 
substrate on which the third liquid crystal alignment film of the present 
invention is formed. 
5 Figure 22 is a view showing an embodiment of the third liquid 

crystal alignment film of the present invention. 

Figure 23 is a view showing the state where a chlorosilane 
monomolecular film is formed (before the reaction with water in the air) in 
an embodiment of the production method of the third liquid crystal 
10 alignment film of the present invention. 

Figure 24 is a view showing the state where a siloxane 
monomolecular film is formed in an embodiment of the production method 
of the third liquid crystal alignment film of the present invention. 

Figure 25 is a cross sectional view showing an embodiment of the 
15 third liquid crystal display device of the present invention. 

Figure 26 is a cross sectional view showing the substrate soaked in a 
chemical adsorption solution in an embodiment of the production method of 
the fourth liquid crystal alignment film of the present invention. 

Figure 27 is a cross sectional view showing the substrate which has 
20 been cleansed with an organic solvent and is going to be drained in an 
embodiment of the production method of the fourth liquid crystal alignment 
film of the present invention. 

Figure 28 is a view showing an embodiment of the fourth liquid 
crystal alignment film of the present invention. 
25 Figure 29 is a perspective view showing a method for exposure via a 

polarizer film in an embodiment of the production method of the fourth 
liquid crystal alignment film of the present invention. 

Figure 30 is a view showing an embodiment of the transparent 
substrate on which the fourth liquid crystal alignment film of the present 
30 invention is formed. 
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Figure 31 is a view showing an embodiment of the fourth liquid 
crystal alignment film of the present invention. 

Figure 32 is a view showing the state where a chlorosilane 
monomolecular film is formed (before the reaction with water in the air) in 
5 an embodiment of the production method of the fourth liquid crystal 
alignment film of the present invention. 

Figure 33 is a view showing the state where a siloxane 
monomolecular film is formed in an embodiment of the production method 
of the fourth liquid crystal alignment film of the present invention. 
10 Figure 34 is a cross sectional view showing an embodiment of the 

fourth liquid crystal display device of the present invention. 

BEST MODE FOR CARRING OUT THE INVENTION 
The first liquid crystal alignment film of the present invention 

15 includes surface active agent molecules with one end thereof fixed on the 
surface of the substrate and having linear carbon chains. Such surface 
active agent molecules include, on the end or a part of the linear carbon 
chains, at least one substituent selected from a carbon trifluoride group 
(-CF 3 ), a methyl group (-CH 3 ), a vinyl group ( CH=CH2), an aryl group 

20 (-CH=CH-)> an acetylene group (a carbon-to-carbon triple bond), a phenyl 
group (-C 6 H 5 ), a phenylene group (-C 6 H 4 -), a halogen group, an alkoxy group 
( OR;R indicates an alkyl group, which preferably has a carbon number 1 to 
3), a cyano group (-CN), an amino group (-NH2), a hydroxyl group (-OH), a 
carbonyl group (=CO), a carboxy group (-COO-), a carboxyl group (-COOH), 

25 and an isocyanato group (-NCO). The surface active agent molecules 
preferably have a substituent selected from a chlorosilane group, an alkoxy 
silane group, and an isocyanato silane group on their ends. 

The surface active agent molecule having a linear carbon chain 
preferably includes a photopolymeric functional group such as a 

30 diacetylene group or an acetylene group in the linear carbon chain, and 
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more specifically, the surface active agent molecules shown in Formulas 
(l)-(6) below are preferable. 

(1) CH 3 (CH2) P -CsC-C=C-(CH2) q SiCl3 

(2) CN(CH2) P -C=C-CEC-(CH2) q SiCl3 
5 (3) (CH3)3Si-CsC-(CH2) r SiCl3 

(4) CH 3 (CH2)p-C=C-C=C-(CH2) q Si(OCH3)3 

(5) CH 3 (CH2)p-C=C-C=C-(CH2) q Si(NCO)3 

(6) (CH3) 3 Si-C=C-(CH2)rSi(OCH3)3 

wherein p and q are integers not smaller than 0, and more 
10 preferably in the range of 0 to 10, and r is an integer not smaller than 0, and 
more preferably in the range of 2 to 24. 

The preferable surface active agent molecules shown in Formulas 
(l)-(6) above can be preferably used by being mixed with a different kind of 
a surface active agent, and the different kind of the surface active agent can 
15 be any of Formulas (7)-(20) below. 

(7) CH3(CH2) n SiCl3 

(8) CH 3 (CH2)pSi(CH 3 ) 2 (CH2) q SiCl3 

(9) CH 3 COO(CH2)mSiCl3 

(10) C 6 H5(CH2)nSiCl3 

20 (11) CN(CH2)nSiCl3 

(12) Cl3Si(CH2) s SiCl3 

(13) Cl3Si(CH 2 )2(CF2)t(CH 2 )2SiCl 3 

(14) Ha(CH2) u Si(OCH 3 ) 3 

(15) CH3(CH2)nSi(NCO) 3 

25 (16) CH 3 (CH2) P Si(CH 3 )2(CH2) q Si(OCH3)3 

(17) HOOC(CH2) m Si(OCH 3 ) 3 

(18) H 2 N(CH2) m Si(OCH 3 ) 3 

(19) C 6 H 5 (CH2)nSi(NCO) 3 

(20) CN(CH2) o Si(0C2H 5 ) 3 

30 wherein Ha represents halogen atom such as chlorine, bromine, 
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iodine, or fluorine; m is an integer not smaller than 0, and more preferably 
in the range of 7 to 24; n is an integer not smaller than 0, and more 
preferably in the range of 0 to 24; s is an integer not smaller than 0, and 
more preferably in the range of 3 to 24; t is an integer not smaller than 0, 
and more preferably in the range of 1 to 10; and u is an integer not smaller 
than 0, and more preferably in the range of 1 to 24. 

The following surface active agent molecules expressed in Formulas 
(2l)-(45) can be also used. 

(21) Br(CH2) 8 SiCl3 

(22) CH 2 =CH(CH 2 ) 1 7SiCl3 

(23) CH 3 (CH2) 8 -CO-(CH2)ioSiCl<, 

(24) CH 3 (CH2) 5 -COO-(CH2)ioSiCl3 

(25) CH 3 (CH2)8-Si(CH3) 2 -(CH2)ioSiCl3 

(26) CH 3 (CH2)i7SiCl3 

(27) CH 3 (CH2)5Si(CH 3 )2(CH2) 8 SiCl3 

(28) CHsCOOteH^uSiCls 

(29) C6H5(CH2)8SiCl3 

(30) CN(CH2)i 4 SiCl3 

(31) ClaSiteHQsSiCk 

(32) Cl3Si(CH2) 2 (CF2)4(CH2)2SiCl3 

(33) Cl3Si(CH2) 2 (CF2)6(CH2)2SiCl3 

(34) CF 3 CF 2 (CF2)7(CH2)2SiCl3 

(35) (CF 3 ) 2 CHO(CH2)iBSi(CH 3 )2Cl 

(36) CF 3 CF 2 (CH2)2Si(CH3)2(CH 2 )i5SiCl 3 

(37) CF 3 (CF 2 )4(CH2)2Si(CH3)2(CH 2 ) 9 SiCl 3 

(38) CF 3 (CF2)7(CH2)2Si(CH 3 ) 2 (CH 2 )9SiCl 3 

(39) CFsCOOteH^isSiCHsCb 

(40) CF 3 (CF 2 ) 5 (CH2)2SiCl 3 

(41) CH 3 CH 2 C*HCH 3 CH 2 OCO(CH 2 ) 1 oSiCl 3 

(42) CH3CH 2 C*HCH 3 CH 2 OCOC s H 4 OCOC6H40(CH2)5SiCl 3 
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(43) ClSi(CH 3 )20Si(CH3)20Si(CH3)20Si(CH 3 )2Cl 

(44) Cl3SiOSi(CH3) 2 OSi(CH 3 )20Si(CH3)20Si(CH3)20SiCl3 

(45) CH 3 (CH2)8-C=C-C=C-(CH2)4SiCl3 

wherein C* indicates optically active asymmetric carbon. 

5 It must be noted that when the surface active agent molecules 

shown in Formulas (7>(45) are also used, it is preferable to choose any 
having a smaller molecule length than the molecules having linear carbon 
chains that are polymerized each other as shown in Formulas (l) (6). 

The surface active agent molecules are put in an organic solvent, 

10 more preferably in a nonaqueous organic solvent to make a chemically 
adsorption solution. The organic solvent used can be a solvent containing 
an alkyl group, a fluorocarbon group, a carbon chloride group, or a siloxane 
group. To be more specific, it is preferable to use, as a nonaqueous solvent, 
hexadecane containing an alkyl group, flon containing a fluorocarbon group 

15 and/or a carbon chloride group, or hexamethyl disiloxane containing a 
siloxane group in order to reduce the percentage of water content, thereby 
obtaining a uniform monomolecular film. 

The substrate to be contacted with the chemical adsorption solution 
can be a transparent glass substrate or a resin substrate; more specifically, 

20 various kinds of glass substrates such as soda lime silicate, borosilicate, or 
aluminosilicate, or various kinds of resin substrates such as polyester film 
can be used. 

The following is a description of a sequential chemical reaction 
caused by contacting a chemical adsorption solution containing surface 
25 active agent molecules with the surface of the substrate to form a film on 
the surface under the conditions that the surface active agent molecules are 
the silane-based surface active agent shown in Formula (l) and the 
hydrophilic group on the substrate surface is a hydroxyl group. 

When the chemical adsorption solution 2 is contacted with the 
30 surface of the substrate 1 as shown in Figure 5, a dehy dechlorination 



reaction is taken place between the chlorosilane group and the hydroxyl 
group, fixing the surface active agent molecules on the surface of the 
substrate through the intermediary of siloxane bond as shown in Figure 1. 

Then, the substrate is taken out from the solution 2, well cleansed 

5 with a nonaqueous solvent, and exposed in the water-containing air. As a 
result, a dehydrochlorination reaction is taken place between the surface 
active agent molecules that are still chemically adsorbed on the substrate 
surface even after the cleansing and the water in the air, thereby making 
the surface active agent molecules be bonded to each other through the 

10 intermediary of siloxane bond as shown in Figure 2. 

The film formed through these processes is a chemical adsorption 
monomolecular film composed of a molecule group with one end thereof 
fixed on the surface of the substrate. This molecule group is excellent in 
exfoliation resistance because it is bonded to the substrate through the 

15 intermediary of siloxane bond, and the monomolecules are bonded to each 
other. 

Figure 3 is a molecular level cross sectional view of the film, which is 
formed by contacting the substrate with a chemical adsorption solution and 
cleansing it with a nonaqueous solvent in the same manner as mentioned 

20 above, the chemical adsorption solution containing not only surface active 
agent molecules having linear carbon chains including diacetylene groups 
(a) expressed in Formula (l) and having chlorosilane groups at the end, but 
also CH 3 SiCl3 whose molecule length is smaller than the molecules. 

In Figure 3, the linear carbon chains are so controlled that the 

25 amount of tilt to the substrate is within a fixed range by relatively short 
molecules. The precision of the control of this tilt can be improved by 
fixing the direction that drains the nonaqueous solvent (opposite to the 
direction 5 that takes out the substrate). The film shown in Figure 3, in 
which the amount of tilt of the linear carbon chains to the substrate is 

30 controlled, has itself the power to control the alignment of the liquid crystal. 
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The present invention has the aspect of further improving the power to 
control the alignment that the liquid crystal alignment film has. 

The diacetylene groups contained in the linear carhon chains whose 
tilt to the substrate is controlled as shown in Figure 3 can be polymerized 

5 with regularity while being polymerized through exposure. This regular 
polymerization typically indicates that the diacetylene groups (a) undergo 
mutual addition polymerization to turn into polydiacetylene (b) as shown in 
Figure 4. The angle of the linear carbon chains to the substrate is changed 
as the result of the polymerization of the diacetylene groups. Therefore if 

10 the polymerization through exposure is selectively done in predetermined 
regions only of the substrate, projections and depressions which do not exist 
before the polymerization are caused between regions where the diacetylene 
groups are polymerized and regions where the diacetylene groups are not 
polymerized. Using this phenomenon can provide plural projections and 

15 depressions extending in a fixed direction and being parallel to each other 
on the surface of the film. These projections and depressions extending in 
the same direction have sizes precisely controlled at a molecular level, and 
they are effective to improve the power to control the alignment of the liquid 
crystal. 

20 In order to align the linear carbon chains primarily and polymerize 

them regularly, it is preferable to fix the direction that drains the 
nonaqueous solvent used to cleanse the substrate. For example, when the 
substrate soaked in the nonaqueous solvent is taken out to be drained, the 
substrate is preferably taken out in such a manner as to make the surface of 

25 the substrate become parallel to the vertical direction as shown in Figure 6. 
The arrow shown in Figure 3 indicates the direction that takes out the 
substrate, like the arrow 5 in Figure 6. The method for the drainage of the 
solvent is not limited to the one illustrated; it is also possible to spray air 
such as dried air into the substrate surface from a fixed direction so as to 

30 blow the nonaqueous solvent away in the same direction. In this case, the 
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direction that blows the nonaqueous solvent away is the drainage direction. 

The organic solvent preferably used to cleans the substrate can be a 
nonaqueous solvent containing an alkyl group, a carbon fluoride group, a 
carbon chloride group, a siloxane group, or the like, similar to the 
5 above-mentioned organic solvent. There is no particular restraint on the 
type used; it is possible to use nhexane, Freon 113, chloroform, 
hexamethylene diamine, etc. 

The translucent substrate used to expose the film preferably 
includes a plurality of parallel trenches 0.01 to 0.5 in width and depth. 
10 In the translucent substrate having such projections and depressions, the 
projections-and depressions pattern itself can provide liquid crystal with 
alignment. Therefore, the projections-and-depressions pattern can be 
transferred onto the film through the exposure done via the translucent 
substrate so as to further improve the power to control the alignment of the 

15 liquid crystal. 

When exposure is done via such a translucent substrate, it is 
preferable to arrange the substrate in a manner that the direction that 
extends the projections and depressions on the surface is not orthogonal to 
the drainage direction of the nonaqueous solvent. 

20 This translucent substrate can be made from material such as 

various kinds of glass or resin, to be more specific, soda lime silicate glass, 
quartz glass, polycarbonate resin, acrylic resin, etc. When the translucent 
substrate is made from a resin such as a polycarbonate resin or an acrylic 
resin, the projections and depressions on the substrate surface can be 

25 formed by rubbing the surface with a rubbing close which has been used to 
produce a liquid crystal alignment film. A glass substrate can be prepared, 
on the other hand, by forming a resist film on the surface of a glass plate, 
exposing in a predetermined pattern, and developing. After the formation 
of the projections and depressions, it is preferable to etch the substrate by 

30 chemical etching, plasma etching, sputter etching, or the like so as to 
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increase the aspect ratio of the trenches in the projections and depressions. 

Figure 13 shows an embodiment of the first liquid crystal display 
device of the present invention. This liquid crystal display device is 
composed of a first substrate 23 having a first electrode group 21 arranged 
5 in the form of matrix and a transistor group 22 for driving the electrodes, 
and a second substrate 26 having a second electrode 25 and a color filter 
group 24. These substrates are arranged to face the first electrode group 
21 with the color filter group 24 and are fixed with the spacer 28 and an 
adhesive agent 29. Of the surfaces of the first and second substrates 23 

10 and 26 facing each other, the surfaces containing the regions where the 
electrodes, thin film transistors, and color filter are formed are covered with 
first liquid crystal alignment films 27 of the present invention. The liquid 
crystal alignment films 27 coat the electrodes and other components, and 
sandwich liquid crystal 30 to provide it with alignment. On both sides of 

15 the panel composed of the substrates 23 and 26, polarizing plates 31 and 32 
are arranged to sandwich the panel. While a backlight 33 is applied onto 
the entire surface from the first substrate side of the device thus structured, 
each transistor is driven by using video signals so as to display images in 
the direction of arrow A. 

20 This liquid crystal display device is characterized in that the 

aligning direction of the liquid crystal alignment films 27 is controlled not 
by mechanical contact means such as rubbing, but by a means including 
exposure as mentioned above. Therefore, the liquid crystal display device 
has suppressed local unevenness of liquid crystal alignment due to the 

25 presence of a stepped portion on the surface or an increased area. 

The second liquid crystal alignment film of the present invention 
has projections and depressions formed by an exposure-including process. 
Such a liquid crystal alignment film can preferably be made from a 
photosensitive resin. The photosensitive resin to be used may cause any 

30 change in molecular structure through exposure such as optical cross-links, 
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photomodification, photo-polymerization, photodecomposition, or the like. 
Above all, those used as a photo resist are preferable, and to be more specific, 
photosensitive polyimide-containing resins are preferable. 

The substrate used can be a transparent glass substrate or resin 
5 substrate, and more specifically, can be various kinds of glass substrates 
such as soda lime silicate, borosilicate, or aluminosilicate, or various kinds 
of resin substrates such as a polyester film. The above-mentioned 
photosensitive resin can be applied on the surface of such a substrate to 
form the film. 

10 The liquid crystal alignment film can be made from a photosensitive 

surface active agent. Such surface active agents include those having 
linear carbon chains containing a photo-polymeric functional group such as 
a diacetylene group or an acetylene group. To be more specific, the surface 
active agents exemplified as the materials for the first liquid crystal 

15 alignment film of the present invention can be used. The second liquid 
crystal alignment film with such a surface active agent can have 
substantially the same embodiment as the first liquid crystal alignment 
film. However, the second liquid crystal alignment film does not need to be 
a monomolecular film. 

20 When this surface active agent is used, as explained in the first 

liquid crystal alignment film of the present invention, the photo-polymeric 
functional groups contained in the linear carbon chains are polymerized 
through exposure. If this polymerization through exposure is selectively 
done in predetermined regions only of the substrate, projections and 

25 depressions which do not exist before the polymerization are formed 
between regions where the diacetylene groups are polymerized and regions 
where the diacetylene groups are not polymerized. Using this phenomenon 
can provide plural projections and depressions extending in a fixed direction 
on the surface of the film. These projections and depressions extending in 

30 the same direction have sizes precisely controlled at a molecular level, and 
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they are effective to improve the power to control the alignment of the liquid 
crystal. 

The translucent substrate used as a mask to expose the film 
preferably includes a plurality of parallel trenches 0.01 to 0.5 pm in width 
5 and depth. In the translucent substrate having these projections and 
depressions, the projections-and-depressions pattern itself can provide 
liquid crystal with alignment. Therefore, the projections-and-depressions 
pattern can be transferred onto the film through the exposure done via the 
translucent substrate so as to further improve the power to control the 

10 alignment of the liquid crystal. Such a translucent substrate for exposure 
can be prepared by using the same material and the same method as those 
explained in the embodiment of the first liquid crystal alignment film. 

Figure 16 shows an embodiment of the second liquid crystal display 
device of the present invention. This liquid crystal display device has 

15 substantially the same structure as the first liquid crystal display device of 
the present invention except that liquid crystal alignment films 127 are the 
second liquid crystal alignment films of the present invention. This liquid 
crystal display device is characterized in that the projections and 
depressions of the liquid crystal alignment films 127 are controlled not by 

20 mechanical contact means such as rubbing, but by a means including 
exposure as mentioned above. Therefore, the liquid crystal display device 
can have suppressed local unevenness of liquid crystal alignment due to the 
presence of a stepped portion on the surface or an increased area. 

The third liquid crystal alignment film of the present invention is 

25 characterized in that a film like a monomolecular film is formed on the 
surface of the substrate on which electrodes are previously formed and the 
surface of the electrodes are rubbed either directly or after an arbitrary thin 
film is formed thereon. The arbitrary film that may be formed on the 
surface of the substrate can be, for example, a Si02 film. The rubbing can 

30 be done by using a conventionally used rubbing cloth. 
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The substrate used can be a transparent glass substrate or resin 
substrate, and more specifically, can be various kinds of glass substrates 
such as soda lime silicate, borosilicate, or aluminosilicate, or various kinds 
of resin substrates such as a polyester film. 

5 The substrate is preferably subjected to a treatment for increasing 

the number of hydrophilic groups existing on the surface. As this 
treatment, it is possible to form a film containing numerable SiOH groups 
on the surface of the substrate. Such a film can be formed by preparing an 
adsorption solution where a compound containing plural chlorosilyl groups 

10 are dissolved and by contacting this adsorption solution with the surface of 
the substrate. The mechanism of this film formation is explained as 
follows by taking the case using SiCU as the compound containing 
chlorosilyl groups as an example. A dehydrochlorination reaction is taken 
place between the hydroxyl groups contained in the surface of the substrate 

15 and the chlorosilyl groups of the SiCU, fixing the molecule containing 
chlorosilane groups onto the surface of the substrate through the 
intermediary of siloxane bond as shown in Formula (46) and/or Formula 
(47). 

(46) 

20 CI 
I 

CI - Si - O - substrate 
I 

CI 

25 (47) 

CI 
I 

CI - Si - O - substrate 
I 

30 O - substrate 
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Furthermore, the chlorosilyl groups change into hydroxyl groups hy 
reacting with water in the air so as to form a chemical adsorption film 
containing numerous hydroxyl groups on the surface as shown in Formula 
5 (48) and/or Formula (49). 
(48) 

OH 
I 

HO - Si - O - substrate 

10 I 
OH 

(49) 

OH 



15 



20 



HO - Si - O - substrate 
I 

O - substrate 



Compounds containing plural chlorosilyl groups include, for example, 
SiCU, Cl (SiCl 2 0) 2-SiCl 3 , SiHCl 3 , SiH 2 Cl 2 , and Cl-(SiCl 2 0)n SiCl3 (n is an 
integer). 

The material used for the liquid crystal alignment film can be 
surface active agent molecules each having a carbon chain or a siloxane 
25 connection chain and one functional group for controlling the surface energy 
of the film is provided on a part of the carbon chain or the siloxane 
connection chain. The functional group for controlling the surface energy 
can be at least one organic group or a hydrocarbon group having optical 
activity selected from a carbon trifluoride group ( CF 3 ), a methyl group 
( CH 3 ), a vinyl group (-CH=CH2), an aryl group (-CH=CH-), an acetylene 



30 
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group (a carbon-to-carbon triple bond), a phenyl group (-C6H5), a phenylene 
group (-CeHr), a halogen atom, an alkoxy group (-OR;R indicates an alkyl 
group, which preferably has a carbon number 1 to 3), a cyano group (-CN), 
an amino group (-NH2X a hydroxyl group (-OH), a carbonyl group (=CO), a 
5 carboxy group (-COO ), and a carboxyl group ( COOH). 

The surface active agent molecule that can be used as the material 
for the liquid crystal alignment film preferably contains a carbon chain or a 
siloxane connection chain, which has on its end a substituent selected from 
a chlorosilane group, an alkoxy silane group, and an isocyanato silane 
10 group. 

The surface active agent molecule containing a carbon chain having 
a chlorosilane group on its end can be any of the following compounds 
expressed in general formulas (50)-(57). 

(50) Ha(CH2)nSiCl3 (Ha represents halogen atom such as chlorine, 
15 bromine, iodine, or fluorine; n is an integer and is preferably from 1 to 24) 

(51) CH3(CH2)nSiCl3 (n is an integer and is preferably from 0 to 24) 

(52) CH 3 (CH2)pSi(CH3)2(CH2) q SiCl3 (p and q are integers and are 
preferably from 0 to 10) 

(53) GHaCOO(CH2)mSiCl3 (m is an integer and is preferably from 7 to 

20 24) 

(54) CeH5(CH2)aSiCl3 (n is an integer and is preferably from 0 to 24) 

(55) CN(CH2)nSiCl3 (n is an integer and is preferably from 0 to 24) 

(56) Cl3Si(CH2)nSiCl3 (n is an integer and is preferably from 3 to 24) 

(57) Cl3Si(CH2)2(CF2)„(CH2)2SiCl3 (n is an integer and is preferably 
25 from 1 to 10) 

The surface active agent containing a carbon chain having an alkoxy 
sUyl group or an isocyanato silyl group on its end can be any of the following 
compounds expressed in general formulas (58)-(64). 

(58) Ha(CH2)nSi(OCH3)3 (Ha represents halogen atom such as 
30 chlorine, bromine, iodine, or fluorine; n is an integer and is preferably from 
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1 to 24) 

(59) CH 3 (CH2)nSi(NCO)3(n is an integer and is preferably from 0 to 

24) 

(60) CH3(CH2) P Si(CH3) 2 (CH2) q Si(OCH3)3 (p and q are integers and 

are preferably from 0 to 10) 

(61) HOOC(CH2)mSi(OCH 3 )3(m is an integer and is preferably from 

7 to 24) 

(62) H2N(CH2)mSi(OCH 3 )3 (m is an integer and is preferably from 7 

to 24) 

(63) C 6 H5(CH2) n Si(NCO)3(n is an integer and is preferably from 0 to 

24) 

(64) CN(CH2)nSi(OC2H 5 )3 (n is an integer and is preferably from 0 to 

24) 

lb be more specific, it can be any of the following compounds 
expressed in Formulas (65)-(88). 

(65) Br(CH2) 8 SiCl3 

(66) CH 2 =CH(CH2)i7SiCl3 

(67) CH 3 (CH2)8-CO-(CH2)ioSiCl3 

(68) CH3(CH2)5-COO-(CH2)ioSiCl3 

(69) CH 3 (CH2)8-Si(CH3)2-(CH2)ioSiCl3 

(70) CHateHjDnSiCla 

(71) CH 3 (CH2)5Si(CH3)2(CH2)8SiCl3 

(72) CH 3 COO(CH2)i4SiCl3 

(73) C 6 H5(CH2) 8 SiCl3 

(74) CN(CH2)i 4 SiCl3 

(75) Cl3Si(CH2)8SiCl3 

(76) Cl3Si(CH2)2(CF2)4(CH2) 2 SiCl3 

(77) CUSi(CH2) 2 (CF 2 ) 6 (CH 2 ) 2 SiCl3 

(78) CF 3 CF2(CF2)7(CH2) 2 SiCl3 

(79) (CF3) 2 CHO(CH2)i5Si(CH 3 )2Cl 
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(80) CF3CF2(CH2)2Si(CH 3 )2(CH2)i5SiCl3 

(81) CF3(CF 2 )4(CH 2 )2Si(CH3)2(CH 2 )9SiCl3 

(82) CF3(CF2)7(CH2)2Si(CH 3 )2(CH2)9SiCl3 

(83) CF3COO(CH2)i5SiCH 3 Cl2 
5 (84) CF 3 (CF2)5(CH2)2SiCl3 

(85) CH 3 CH2C*HCH3CH 2 OCO(CH2)ioSiCl3 (C* indicates optically 
active asymmetric carbon) 

(86) CH3CH2C*HCH3CH 2 OCOC6H40COC6H 4 0(CH2)5SiCl3 (C* 
indicates optically active asymmetric carbon) 

10 (87) CH 3 (CH2)8-CEC-(CH2)ioSiCl3 

(88) CH3(CH2)8-CEC-C=C-(CH2)ioSiCl3 

The surface active agent containing a siloxane connection chain 
having a chlorosilyl group, an alkoxy silane group or an isocyanato silane 
group on its end can be either of the following compounds expressed in 
15 general formulas (89)*(90). 

(89) ClSi(CH 3 )20Si(CH3) 2 OSi(CH3)20Si(CH3)2Cl 

(90) Cl3SiOSi(CH3)20Si(CH3) 2 OSi(CH3)20Si(CH 3 )20SiCl3 

Using a mixture of plural kinds of surface active agents different in 
20 surface energy as the surface active agent for the material of the liquid 
crystal alignment film can control the surface energy of the alignment film. 

The surface active agent is added in an organic solvent, and more 
preferably, in a nonaqueous organic solvent to make a chemical adsorption 
solution. The organic solvent used can contain an alkyl group, a 
25 fluorocarbon group, a carbon chloride group, or a siloxane group. To be 
more specific, it is preferable to use, as the nonaqueous solvent, hexadecane 
containing an alkyl group, flon containing a fluorocarbon group and/or a 
carbon chloride group, or hexamethyl disiloxane containing a siloxane group 
in order to reduce the percentage of water content, thereby obtaining a 
30 uniform monomolecular film. 
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This chemical adsorption solution is contacted with the surface of 
the substrate to make the surface active agent molecules react with the 
substrate surface, thereby forming a film on the substrate surface. This 
serious of chemical reaction will be described as follows under the 
5 conditions that the surface active agent molecule is the silane-based surface 
active agent expressed in Formula (51) above, and the hydrophilic group in 
the surface of the substrate is a hydroxyl group. 

When the chemical adsorption solution is contacted with the surface 
of the substrate, a dehydrochlorination reaction is taken place between the 
10 chlorosilyl groups and the hydroxyl groups, fixing the surface active 
molecule onto the surface of the substrate through the intermediary of 
siloxane bond as shown in Formula (91). 

(91) 

CI 

15 I 

H 3 C - (CH2)n - Si - O - substrate 
I 

CI 

20 After the substrate is taken out from the solution and exposed in the 

air containing water, a dehydrochlorination reaction is taken place between 
the surface active molecules chemically adsorbed on the substrate surface 
and the water in the air, thereby causing siloxane bond as shown in 
Formula (92). 

25 
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(92) 

I 

O 
I 

5 H 3 C - (CH2X1 - Si - 0 - substrate 

I 

O 
I 

10 The film formed in these processes is a chemical adsorption 

monomolecular film composed of a molecule group, one end of which is fixed 
on the surface of the substrate, and the molecule group is excellent in 
exfoliation resistance because it is bonded to the substrate through the 
intermediary of siloxane bond, and the monomolecules are bonded to each 

15 other. 

As a method for contacting th$ adsorption film with the substrate, 
the substrate can be soaked in the adsorption solution. When it is desired 
to form the film selectively, the adsorption solution can be printed on the 
surface of the substrate in a desired pattern by using a printer, or the 

20 surface of the substrate can be selectively coated with a resist beforehand 
and then the resist can be removed after the chemical adsorption process is 
applied on the entire surface. In this case, it is preferable to use a resist 
which can be dissolved in an organic solvent because the chemically 
adsorbed film does not exfoliate in an organic solvent. 

25 After the surface active agent molecules are fixed by contacting the 

substrate with the adsorption solution, the substrate is cleansed with an 
organic solution and then preferably drained by being set upright in a 
desired direction. By doing so, the surface active agent molecules fixed on 
the substrate are aligned in the drainage direction of the solvent, thereby 

30 improving the alignment of the liquid crystal alignment film. The organic 
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solvent used for cleansing can be any kind as long as it contains no water 
and can dissolve a surface active agent; a nonaqueous solvent containing an 
alkyl group, a fluorocarbon group, a carbon chloride group, a siloxane group, 
or the like can be used preferably. Although there is no particular 
5 restraint on the type used, to be more specific, it is possible to use n-hexane, 
Freon 113, chloroform, hexamethylene diamine, etc. 

The surface active agent molecules fixed on the substrate can be 
realigned in a polarized direction by being exposed via a polarizer film. In 
this case, in order to align the direction of the realigned molecules, it is 

10 better to shift the polarizing direction slightly, and more preferably over 
several degrees, from the aligning direction before the realignment than to 
make these directions cross each other at exact right angles. In this case, 
the polarizing direction can be arranged to be parallel with the aligning 
direction before the realignment at the maximum because crossing the 

15 directions at exact right angles may cause the individual molecules to align 
in two different directions. When it is desired to change the aligning 
direction selectively, the process of exposing a desired mask laid on the 
polarizing plate can be repeated several times. This method facilitates the 
production of a multi-domain liquid crystal alignment film like a 

20 monomolecular film having different aligning directions in the form of a 
pattern. 

Figure 25 shows an embodiment of a third liquid crystal display 
device of the present invention. This liquid crystal display is composed of a 
first substrate 223 having a first electrode group 221 arranged in the form 

25 of matrix and a transistor group 222 for driving the electrodes, and a second 
substrate 226 having a second electrode 225 and a color filter group 224. 
These substrates are arranged to face the first electrode group 221 with the 
color filter group 224 and are fixed with the spacer 228 and an adhesive 
agent 229. Of the surfaces of the first and second substrates 223 and 226 

30 facing each other, the surfaces including the regions where the electrodes, 
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thin film transistors, and color filter are formed are covered with liquid 
crystal alignment films 227 of the present invention. The liquid crystal 
alignment films 227 coat the electrodes and other components, and 
sandwich liquid crystal 230. On both sides of the panel composed of the 
5 substrates 223 and 226, polarizing plates 231 and 232 are arranged to 
sandwich the panel. While a backlight 233 is applied onto the entire 
surface from the first substrate side of the device thus structured, each 
transistor is driven by using video signals so as to display images in the 
direction of arrow A. 

10 In this liquid crystal display device, the aligning direction of the 

liquid crystal 230 is controlled to be in the direction of rubbing. The 
pre-tilt angle of the liquid crystal 230 is controlled by the critical surface 
energy of the liquid crystal alignment film. 

A fourth liquid crystal alignment film of the present invention, 

15 which is a film like a monomolecular film formed on the surface of the 
substrate on which desired electrodes are provided, is characterized in that 
its surface is rubbed. In other words, in the third liquid crystal alignment 
film, rubbing is applied to the surface of the substrate prior to the process of 
forming the film constituting the liquid crystal alignment film. In the 

20 fourth liquid crystal alignment film, on the other hand, after the process of 
forming the film constituting the liquid crystal alignment film, rubbing is 
applied to the surface of the film. 

The fourth liquid crystal alignment film can be made from 
substantially the same material and by the same method as the third liquid 

25 crystal alignment film of the present invention. To explain briefly, as the 
material for forming the liquid crystal alignment film, it is possible to use a 
silane-based surface active agent containing a carbon chain or a siloxane 
connection chain, and at least one functional group for controlling the 
surface energy of the film is provided on the end or a part of the carbon 

30 chain or the siloxane connection chain. The film can be formed by 
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preparing a chemical adsorption solution from such a surface active agent, 
contacting the solution with the substrate to cause a chemical reaction 
between the surface active agent molecules in the solution and the surface 
of the substrate, and fixing the surface active agent molecules to the 

5 substrate surface. After the surface active agent molecules are fixed by 
contacting the substrate with the adsorption solution, the substrate is 
cleansed with an organic solution and then drained preferably by being set 
upright in a desired direction. 

As described above, the surface active agent molecules fixed to the 

10 substrate and then cleansed with the organic solvent are aligned in the 
drainage direction of the organic solvent used for cleansing. In the fourth 
liquid crystal alignment film, as the result of the process of rubbing the 
surface of the surface active agent film, the surface active agent molecules 
are aligned in the rubbing direction. In addition, similar to the third liquid 

15 crystal alignment film, the surface active agent molecules fixed on the 
substrate can be realigned by being exposed via a polarizer film. The 
rubbing can be done with the use of a conventional rubbing cloth. 

Figure 34 shows an embodiment of a fourth liquid crystal display 
device of the present invention. This liquid crystal display device has 

20 substantially the same structure as the third liquid crystal display device of 
the present invention except that liquid crystal alignment films 327 are the 
fourth liquid crystal alignment film of the present invention. In this liquid 
crystal display device, the aligning direction of the liquid crystal 330 is 
controlled to the direction of rubbing. The pre-tilt angle of the liquid 

25 crystal 330 is controlled by the critical surface energy of the liquid crystal 
alignment film. 

(EMBODIMENT l) 

First of all, a translucent substrate suitable for an exposure mask 
30 was prepared in the following embodiment. 
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As shown in Figure 7, a surface 11 of an acrylic transparent 
substrate 12 ultrasonic-cleansed with a cleansing agent was subjected to a 
rubbing treatment in a manner that the substrate surface was rubbed in 
one direction at a pushing-in depth of 0.4 mm and at a rate of 500 m/min. 
5 with the use of a nylon cloth 13 (16 to 20 pm in fiber diameter and 3 mm in 
fiber length) which is higher in hardness than the acrylic substrate. The 
surface of the substrate was observed under a scanning electron microscope 
to find that numerous projections and depressions were formed and aligned 
nearly in the same direction, and that the widths and depths of the 

10 depressive portions (trenches) were mostly in the range of 0.01 to 0.5 iim. 
Nematic liquid crystal (ZLI4792 manufactured by Merck & Co. Inc.) was 
applied on the surface of the transparent exposure mask thus produced to 
find that the liquid crystal is clearly aligned in the rubbing direction, and 
that the surface with the projections and depressions has the function of 

15 aligning liquid crystal. 

A polycarbonate plate was used as the substrate in place of the 
acrylic plate and rubbed with a rubbing cloth for forming a liquid crystal 
alignment film in the same manner as above, which resulted in the 
production of a translucent substrate (exposure mask) provided with 

20 numerous projections and depressions of 0.01 to 0.5 pm which were aligned 
nearly in the same direction and had the function of aligning liquid crystal. 

For comparison, another translucent substrate was produced in the 
same manner as above except that the nylon cloth was replaced by a scotch 
sponge (Sumitomo 3M Ltd.). As a result, numerous projections and 

25 depressions were successfully formed and aligned nearly in the same 
direction on the surface, but light transmittance was deteriorated. The 
trenches formed on the surface had widths and depths almost in the range 
of 1 to 10 nm. The nematic liquid crystal was applied on the surface of the 
substrate to find that the liquid crystal was partly aligned in small trench 

30 portions of 0.5 ]im or less formed by trenches being partially overlapped, 
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and the liquid crystal was hardly aligned in the other regions of the surface. 

For another comparison, in the aforementioned embodiment using 
the nylon cloth, projections and depressions were produced in the same 
manner except that the amount of pushing-in depth was set at 0.05 mm to 
5 find that the acrylic substrate did not lose transparency at all, and that a 
few trenches were formed sparsely on the surface nearly in the same 
direction. The widths and depths of these trenches were almost 0.001 to 
0.01 pm (l to 10 nm). It was attempted to apply the nematic liquid crystal 
onto the surface of the substrate only to find that the liquid crystal was 
10 aligned sparsely in the rubbing direction. 

(EMBODIMENT 2) 

Another translucent substrate suitable for an exposure mask was 
prepared in the following embodiment. 

15 A resist film was formed by applying PDUR-P- 14 (Tokyo Ohka Kogyo 

Co., Ltd.) as thick as 0.5 nm onto the surface of an A4 highly permeable 
glass substrate ultrasonic-cleansed with a cleansing agent. As shown in 
Figure 8, the entire surface of the resist film 16 was exposed by repeating a 
step-and-repeat exposure (100 mJ/cm 2 ) by an KrF excdmer laser exposing 

20 device with the use of a 5 cm x 5 cm chrome mask 18 having a 0.4 jim-wide 
black and white pattern. In this exposure, the mask was positioned so that 
joints were overlapped each other by several millimeters. After this, 
development was conducted with a developing solution NMD3 (Tokyo Ohka 
Kogyo Co., Ltd.) and rinsed with pure water to obtain a translucent 

25 substrate (exposure mask) composed of a glass plate 15 and a resist thin 
film 17 formed thereon, which is provided with projections and depressions 
capable of diffracting light and having 0.4 pm-wide trenches (that is, 
1250/mm diffraction grating) as shown in Figure 9. It was found out that 
when the nematic liquid crystal (ZLI4792 manufactured by Merck & Co. 

30 Inc.) was applied on the surface of the substrate, the liquid crystal was 
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properly aligned along the lines of the pattern. On the joint regions, the 
liquid crystal was aligned in the same manner. 

The same experiment was repeated except that the pattern pitch of 
the chrome mask transcribed onto the resist film was changed, and results 
5 shown in Figure 10 were obtained. As apparent from Figure 10, it has 
been found out that when trenches having widths and depths not larger 
than 0.5 pm were formed in the same direction, the obtained surface was 
shaped to have an excellent power to control the alignment of the liquid 
crystal. When trenches not larger than 0.01 pm were formed by rubbing, 

10 the alignment of the liquid crystal was observed; however it was hard to 
form these trenches uniformly across the entire surface of the substrate, 
indicating to have no practical capability. In Figure 10, symbol T indicates 
the sample temperature when the alignment film is evaluated. 

The same experiment was conducted with the use of various kinds of 

15 substrate materials, and it has been found out that borosilicate glass, 
quartz glass, polycarbonate resin, acrylic resin, and the like can be used as 
the substrate. It has also been found out that as the exposure light source 
for forming a diffraction grading pattern not larger than 0.5 pm, ultraviolet 
rays or far ultraviolet rays can be used in place of the KrF excimer laser. 

20 The resist can be either positive type or negative type as long as the 
projections and depressions are minute in size. 

After the development, the substrate was sputter- etched with the 
use of Ar gas or plasma-etched with the use of CF4 gas to deepen the 
trenches. As a result, the aspect ratio of the trenches could be increased 

25 and the power to control the alignment could be improved. When the 
substrate was made of a glass plate or a quartz plate, the same results were 
obtained by chemically etching the substrate with a fluoric acid-based 
solution. 

30 (EMBODIMENT 3) 
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With the use of the exposure mask prepared in Embodiment 1, a 
liquid crystal alignment film was formed on the surface of a substrate. 

A glass substrate (containing numerous hydroxyl groups on its 
surface) provided with a transparent electrode thereon was prepared and 
5 cleansed well to remove grease therefrom. In a yellow room (in which 
photosensitive materials to be exposed to ultraviolet rays are treated), the 
silane-based surface active agent expressed in Chemical Formula (93) below 
was mixed with CEbSiCk in the proportion of 1*2 in mole, and the obtained 
mixture was dissolved in an nonaqueous solvent at a concentration of about 
10 1% by weight to produce a chemical adsorption solution. As the 
nonaqueous solvent, a well dehydrated hexadecane was used. 

(93) CH3(CH2)8-C=C-C=C-(CH2)4SiCl3 

As shown in Figure 5, the glass substrate 1 was soaked for an hour 
or so in the chemical adsorption solution 2 under the dried atmosphere (a 

15 relative humidity of not higher than 30%). The glass substrate 1 was 
taken out from the chemical adsorption solution 2, cleansed with n-hexane 3 
which is a well dehydrated nonaqueous solution, taken out from the 
cleansing solution while setting it perpendicularly, and drained in this 
condition. As the result of these processes, an about 2 nm-thick chemical 

20 adsorption film was formed. The adsorption solution can be applied to the 
substrate instead of soaking the substrate in the solution. 

This chemical adsorption film is a chemical adsorption 
monomolecular film formed as a result of a dehydrochlorination reaction 
taken place between the chlorosilane groups contained in the 

25 chlorosilane-based surface active agent expressed in Chemical Formula (93) 
above and in CHaSiCk and the hydroxyl groups in the surface of the glass 
substrate. The linear hydrocarbon groups contained in this 
monomolecular film are primarily aligned in the drainage direction of the 
nonaqueous solvent in the same manner as in Figure 3. 

30 Later, as shown in Figure 11, an exposure mask 7 similar to the 
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mask produced in Embodiment 1 was arranged close to the substrate in a 
manner that the substrate raising direction 5 and the rubbing direction 6 
cross each other at nearly right angles but not exact right angles, and 
exposed to 365 nm ultraviolet rays (UV light 8) at an intensity of 200 
5 mJ/cm 2 , thereby transferring the pattern of the rubbing mask onto the 
monomolecular film. 

The surface of the monomolecular film thus formed was observed 
under an AFM (inter-atomic force scanning microscopy) to find that 
numerous projections and depressions aligned nearly in the same direction 

10 with a width of 0.01 to 0.5 p.m and a depth of a molecular level are formed 
along the rubbing direction 6 of the mask as shown in Figure 12. 

In the exposure process with the exposure mask 7, the angle 
between the substrate raising direction 5 and the rubbing direction 6 was 
changed variously to find out that projections and depressions extending 

15 nearly in the same direction can be formed unless these directions do not 
cross each other at exact right angles. 

The two substrates were used and combined to make chemical 
adsorption monomolecular films face each other, and a liquid crystal cell 
with a 20 jim gap was assembled to provide anti parallel alignment. Then, 

20 the nematic liquid crystal was injected and the alignment condition was 
checked. The injected liquid crystal molecules had a pre-tilt angle of about 
73° with respect to the surface of the substrate, and almost aligned along 
the rubbing pattern of the chemically adsorbed monomolecular film. 

The exposure process with a desired mask laid on the exposure mask 

25 can be repeated several times so as to facilitate the production of a liquid 
crystal alignment film (that is, an alignment film for multi-domain 
alignment) like a monomolecular film having different aligning directions in 
the form of a pattern. 

30 (EMBODIMENT 4) 
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A liquid crystal display device was prepared by using the liquid 
crystal alignment film produced in Embodiment 3. 

First of all, in the same manner as shown in Figure 13, a liquid 
crystal alignment film like a monomolecular film was produced in the same 
5 manner as in Embodiment 3 and arranged on each of a first substrate 
having a first electrode group arranged like a matrix and a transistor group 
for driving the electrodes, and a second substrate having a color filter group 
and a second electrode arranged to face the first electrode group. 

Then, the first and second substrates were positioned to face the 
10 electrodes each other and then fixed with a gap of about 5 iim therebetween 
using a spacer and an adhesive agent. After the TN liquid crystal was 
injected into the first and second substrates, polarizing plates were 
assembled to complete the display device. 

While a backlight was applied onto the entire surface, each 
15 transistor was driven by using video signals so as to display images in the 
direction of arrow A. 

A TNtype liquid crystal display device can be provided by forming 
the above-mentioned film as an alignment film on each surface of the 
substrates having two opposing electrodes. Other than the TN type liquid 
20 crystal display device, the method of the present embodiment has been 
found to be able to be applied to an IPS (in-plain switching) type liquid 
crystal display device where opposing electrodes are formed on the surface 
of one of the substrates. 

25 (EMBODIMENT 5) 

In the light irradiating process in Embodiment 3, the exposure 
process in which a mask having pixels each divided into four parts like a 
checkered pattern was laid on the above-mentioned exposure mask was 
twice conducted while changing the direction of the trench -like pattern. As 

30 a result, within the same pixel, four portions different in aligning direction 



54 



could be made in a pattern form. Using a substrate provided with this 
alignment film could greatly improve the viewing angle of the liquid crystal 
display device. 



5 (EMBODIMENT 6) 

Another liquid crystal alignment film was formed on the surface of a 
substrate with the use of the exposure mask produced in Embodiment 2. 

A borosilicate glass substrate having a transparent electrode 
thereon was prepared and well cleaned to remove grease therefrom in 

10 advance. Next, a photosensitive polyimide resin (Photoneece 
manufactured by Toray Industries, Inc.) was applied to produce a 0. 1 urn 
thick film. Then, as shown in Figure 14, ultraviolet rays 107 of 365 nm 
were irradiated with about 500 mJ/cm 2 to contact-expose the film 104 
formed on the glass substrate 101 via the exposure mask 15 produced in the 

15 same manner as in Embodiment 2. After development and rinse were 
conducted with the use of a special developing solution and a special rinse 
solution, the mask pattern for the exposure mask 15 was transferred onto a 
polyimide resin film. As shown in Figure 15, numerous stripe projections 
and depressions parallel to each other were formed on the surface of the 

20 polyimide resin film 104' thus produced. The pitch (cycle) of the projections 
and depressions was about 0.8 pm (about 0.4 pm as the width of each 
projective portion and depressive portion) and its depth was about 0.05 pm. 

It has been found out that when nematic liquid crystal was applied 
on the surface of the substrate, the liquid crystal aligned along the pattern. 

25 Two substrates of this state were used and combined to make alignment 
films face each other, and a liquid crystal cell with a 20 pm gap was 
assembled to provide anti parallel alignment. Then, the nematic liquid 
crystal was injected and the alignment condition was checked. The 
injected liquid crystal molecules had a pre tilt angle of about 5° with respect 

30 to the substrate along the stripe projections and depressions. 
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Thus, it has been found out that when exposure and development 
are conducted by using a photosensitive polymer as the material for the film 
via the mask having a stripe projections-and-depressions pattern which has 
been confirmed to align liquid crystal, this pattern is transferred onto the 
surface of the film, thereby producing a liquid crystal alignment film. 

It has been found out that when a resin with no photosensitivity is 
used, if far ultraviolet rays of 248 nm are exposed for 10 to 100 times longer 
hours with the use of a KrF excimer laser, a partial decomposition or 
polymerization is caused on the surface of the resin, and as a result, similar 
minute projections and depressions are formed, providing a film that 
exhibits a similar aligning function. 

(EMBODIMENT 7) 

With the use of the exposure mask prepared in Embodiment 2, 
another liquid crystal alignment film was formed on the surface of a 
substrate. 

A glass substrate (containing numerous hydroxyl groups on its 
surface) provided with a transparent electrode thereon was prepared and 
cleansed well to remove grease therefrom. In a yellow room, the 
silane-based surface active agent expressed in Chemical Formula (94) below 
was mixed with ClfcSiCla in the proportion of 12 in mole, and the obtained 
mixture was dissolved at a concentration of about 1% by weight in a 
nonaqueous solvent to produce a chemical adsorption solution. As the 
nonaqueous solvent, a well dehydrated hexadecane was used. 

(94) CH3(CH2)8-C»C-C=C-(GH2)4SiCl3 

Under the dried atmosphere (a relative humidity of not higher than 
30%), the glass substrate was soaked for one hour or so in this chemical 
adsorption solution. The glass substrate was taken out from the chemical 
adsorption solution to form a chemical adsorption polymer film containing 
surface active agent molecules having diacetylene groups on the surface of 
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the glass substrate. Then, in the same manner as in Embodiment 6, the 
chemical adsorption polymer film was exposed, developed, and rinsed so as 
to produce a film having the power to control the alignment of liquid crystal 
as in Embodiment 6. 

5 

(EMBODIMENT 8) 

A liquid crystal display device was prepared by using the liquid 
crystal alignment film produced in Embodiment 6. 

First of all, in the same manner as shown in Figure 16, a liquid 

10 crystal alignment film was produced in the same manner as in Embodiment 
6 and arranged on each of a first substrate having a first electrode group 
arranged like a matrix and a transistor group for driving the electrodes, and 
a second substrate having a color filter group and a second electrode 
arranged to face the first electrode group. 

15 Then, the first and second substrates were positioned to face the 

electrodes each other and then fixed with a gap of about 5 pm therebetween 
using a spacer and an adhesive agent. After the TN liquid crystal 
(ZLI4792 manufactured by Merck & Co. Inc.) was injected into the first and 
second substrates, polarizing plates were assembled to complete the display 

20 device. 

In this device, while a backlight was applied onto the entire surface, 
each transistor was driven by using video signals so as to display images in 
the direction of arrow A. 

A TN-type liquid crystal display device can be provided by forming 

25 the above-mentioned film as an alignment film on each surface of the 
substrates having two opposing electrodes. Other than the TN-type liquid 
crystal display device, the method of the present embodiment has been 
found to be able to be applied to an IPS (in-plain switching) type liquid 
crystal display device where opposing electrodes are formed on the surface 

30 of one of the substrates. 
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(EMBODIMENT 9) 

In the light irradiating process in Embodiment 6, the exposure 
process in which a mask having pixels each divided into four parts like a 
5 checkered pattern was laid on the above-mentioned exposure mask was 
twice conducted while changing the direction of the trench-like pattern. As 
a result, within the same pixel, four portions different in aligning direction 
could be made in a pattern form. Using a substrate provided with this 
alignment film could greatly improve the viewing angle of the liquid crystal 
10 display device. 

(EMBODIMENT 10) 

A glass substrate 201 (containing numerous hydroxyl groups on its 
surface) having a transparent electrode thereon was prepared and well 

15 cleansed to remove grease therefrom in advance. Then, a Si02 protection 
film of 0.1 pm thick was formed by sol-gel, and hardened with heat. After 
this, rubbing was applied to the surface in a desired aligning direction at a 
pushing-in depth of 0.3 mm and a rate of 80 m/min. with the use of a 
rubbing cloth made from rayon used in general liquid crystal display device 

20 manufacturing factories. A chemical adsorption solution was prepared by 
dissolving a silane-based surface active agent containing a linear 
hydrocarbon group having one functional group on the end for controlling 
the surface energy of the film and also containing Si (hereinafter referred to 
as a chemical adsorption compound), CH3(CH2)i4SiCl3,and NC(CH2)i4SiCl3 

25 (used at a mole ratio of l-l) at a concentration of about 1 wt% into a 
nonaqueous solvent. As the nonaqueous solvent, a well dehydrated 
hexadecane was used. The solution thus prepared was referred to as an 
adsorption solution 202, in which the substrate 201 was soaked (could be 
applied, instead) for an hour or so under the dried atmosphere (a relative 

30 humidity of not higher than 30%)(Figure 17). The glass substrate was 
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taken out from the adsorption solution, cleansed with n-hexane 203, which 
was a well dehydrated nonaqueous solution, taken out from the cleansing 
solution while setting it upright in a desired direction (drainage direction), 
and drained in this condition to be exposed in the air containing water. As 
5 the result of these processes, a dehydrochlorination reaction was taken 
place between SiCl groups in the chlorosilanebased surface active agent 
and the hydroxyl groups in the surface of the substrate, thereby producing 
the bonds expressed in Formulas (95) and (96) below. Furthermore, a 
reaction with water in the air resulted in the bonds expressed in Formulas 
10 (97) and (98) below. 
(95) 

CI 
I 

H 3 C -(CH2)h - Si - O - substrate 
15 | 

CI 

(96) 

CI 

I 

20 N=C-(CH2)u- Si -O -substrate 

I 

CI 

(97) 

I 

25 O 

I 

H 3 C -(CH2)i4 - Si - 0 - substrate 
I 

O 

30 | 
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(98) 

I 

0 

I 

N=C - (CH2)m " Si - O - substrate 
I 

0 
I 

As a result of these processes, a chemical adsorption monomolecular 
film 204 obtained by the reaction of the chlorosilane-based surface active 
agent was formed like a monomolecular film of about 1.5 nm thick in the 
state of being chemically bonded through the intermediary of siloxane 
covalent bond in the regions of the previously rubbed substrate surface 
where hydroxyl groups were formerly contained. The critical surface 
energy of the chemical absorption film was about 27 mN/m. The linear 
hydrocarbon groups in the monomolecular film were aligned in the direction 
opposite to the draining and raising direction, that is, in the drainage 
direction. 

Furthermore, two substrates of this state were used and combined to 
make chemical adsorption films face each other, and a liquid crystal cell 
with a 20-micron gap was assembled to provide anti parallel alignment. 
Then, the nematic liquid crystal (ZLI4792 manufactured by Merck & Co. 
Inc.) was injected and the alignment condition was checked. The injected 
liquid crystal molecules were aligned not along the adsorption molecules 
aligned preliminarily by cleansing and raising, but along the rubbing 
direction. The pre-tilt angle which depended on the surface energy of the 
chemically adsorbed molecules, was at about 65° with respect to the 
substrate, exhibiting approximate alignment (Figure 19). 

When the composition of CH 3 (CH2)i4SiCl 3 and NC(CH2)i4SiCl 3 were 
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changed in 1:0 to 0^1 (preferably 10 : 1 to 1^50), the critical surface energy 
changed from 20 mN/m to 29 mN/m, and only their pre-tilt angles were 
arbitrarily controlled within the range of 90° to 40° while the aligning 
direction was controlled by the rubbing direction. When a 
5 fluorine-containing surface active agent such as CFaCCF^sCCH^SiCla was 
continuously added as the chemical adsorption compound, the critical 
surface energy could be reduced to 15 mN/m. 

In this rubbing treatment, the previously formed Si02 protection 
film higher in hardness than a generally used polyimide resin was rubbed, 

10 so little damage was caused. The reason for the aligning direction 
depending on the rubbing direction was considered that the monomolecular 
film was too thin to mitigate the molecular level projections and depressions 
of the underlying protection film formed by rubbing, in other words, the 
effect of rubbing reached the surface of the monomolecular film to 

15 determine the aligning direction. On the other hand, the reason for the 
pre-tilt angles being depended on the type of the monomolecular film formed 
was considered that the surface energy differed depending on the type of the 
monomolecular film. 

The present embodiment used a silane-based surface active agent 

20 which was different in the critical surface energy of an obtained film from 
and was equal in carbon chain length as -(CH^w* however, the power to 
control the alignment of the pre-tilt angle could be increased by adding a 
surface active agent different in carbon chain length (for example, -(CH^n - 
wherein n is an integer in the range of 1 to 30). 

25 On the other hand, two substrates of this state treated in the same 

manner were used, and a polarizing plate (HNFB) 206 (manufactured by 
Polaroid Corporation) was piled up on each of the substrates and set so as to 
turn a polarizing direction 213 to the direction almost orthogonal to the 
draining and raising direction 205, and light 207 of 365 nm 6 rays) of a 500 

30 W extra-high pressure mercury lamp (3.6 mW/cm 2 after the transmission of 
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the polarizer film) was irradiated for 950mJ (Figure 20). 

Furthermore, two substrates of this state were used and combined to 
face the chemical adsorption films each other, and a liquid crystal cell with a 
20-micron gap was assembled to align irradiated regions to be and parallel. 
Then, the nematic liquid crystal (ZLI4792 manufactured by Merck & Co. 
Inc.) was injected and the alignment condition was checked to find that the 
injected liquid crystal molecules in the regions not irradiated were aligned 
along the rubbing direction and the molecules in the regions irradiated were 
aligned along the polarizing direction. 

The aligning direction of the linear carbon chains in the chemical 
adsorption monomolecular film 204' in the irradiated regions was examined 
to find that the critical surface energy and the tilt angle did not change, 
respectively, but the aligning direction 208 was changed to be almost 
parallel to the polarizing direction 213 different from the draining direction, 
and variations in alignment were improved than in the state after draining 
and raising of the substrate (Figures 21 and 22). In the drawing, 209 
represents a transparent electrode. 

In the embodiment, as the light for exposure, light of 365 nm, which 
is i-rays of an extra-high pressure mercury lamp, was used; instead, it was 
possible to use light of 248 nm obtained by a KrF excimer laser, 436 nm, 405 
nm, or 254 nm depending on the degree of light adsorption of the film 
material. Above all, light of 248 nm or 254 nm provided high alignment 
efficiency because they are easily adsorbed in most substances. 

(EMBODIMENT 11) 

In Embodiment 10, after the rubbing process and before the process 
of chemically adsorbing surface active agent molecules containing carbon 
chains or siloxane connection chains, an adsorption solution was prepared 
by dissolving a compound containing plural chlorosilyl groups and soaked in 
a dry atmosphere. Then, a dehydrochlorination reaction was taken place 
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between the hydroxyl groups contained in the surface of the substrate and 
the chlorosilyl groups contained in the compound with plural chlorosilyl 
groups. After this, the solution was further reacted with water, and the 
remaining chlorosilyl groups were changed into hydroxyl groups, and a 
5 chemical adsorption film containing numerous hydroxyl groups was formed 
on the surface. 

For example, when an adsorption solution is prepared by dissolving 
SiCU used as the silyl compound containing plural chloro groups into 
n-octane, and the substrate is soaked therein in a dry atmosphere, a 
10 dehydrochlorination reaction is caused on the interface because the surface 
contains -OH groups so as to produce Chemical Formulas (99) and/or (100) 
where chlorosilane molecules 211 are fixed on the surface of the substrate 
through the intermediary of -SiO bond. 

(99) 

15 CI 
I 

CI - Si - O — substrate 
I 

CI 

20 (100) 
CI 

I 

CI - Si - O — substrate 
I 

25 O - substrate 

Later, when it was cleansed with a nonaqueous solvent such as 
chloroform, excess SiCU molecules that were not reacted with the substrate 
were removed (Figure 23). When the substrate was taken out in the air 
30 and reacted with water, a siloxane monomolecular adsorption film 212 
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containing numerous SiO bonds expressed in Formulas (lOl) and/or (102) 
was obtained on the surface (Figure 24). 
(101) 

OH 

5 I 

HO - Si - 0 - substrate 
I 

OH 

(102) 

10 OH 
I 

HO • Si - O - substrate 
I 

O - substrate 

15 

In this case, when the process of cleansing with a nonaqueous 
solvent such as chloroform was omitted, a polysiloxane chemical adsorption 
film of only 10 nm thick was formed. 

The siloxane monomolecular film 212 formed in this case was 

20 completely bonded to the substrate through the intermediary of the 
chemical bond of -SiO*, so it never exfoliated- The obtained 
monomolecular film included numerous SiOH bonds on the surface, which 
were about 2 to 3 times as many as the -OH groups originally contained. 
The processing unit of this state had extremely high hydrophilicity. 

25 In this state, when a chemical adsorption process was conducted by 

using the surface active agent of the same kind as used in Embodiment 10, a 
chemical adsorption monomolecular film containing carbon chains obtained 
by the reaction with the surface active agent of the same kind as in Figure 
19 was formed with a thickness of about 1.5 nm while chemically bonded 

30 through the intermediary of siloxane covalent bonds via the siloxane 
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monomolecular film 212. At this moment, the adsorption sites (OH groups 
in this case) on the surface of the substrate prior to the adsorption of the 
surface active agent was about two or three times more than in 
Embodiment 10, so that the density of the adsorption molecules could be 
larger than in Embodiment 10. The processing unit became lipophilic. 
The molecules in the chemical adsorption film differed in density, but were 
aligned in the direction opposite to the draining and raising direction, that 
is, in the drainage direction. The critical surface energy in this case was 28 
mN/m. 

Two substrates of this state were used and combined to face the 
chemical adsorption films each other, and a liquid crystal cell with a 
20-micron gap was assembled to provide anti parallel alignment. Then, 
the nematic liquid crystal (ZLI4792 manufactured by Merck & Co. Inc.) was 
injected and the alignment condition was checked to find that the injected 
liquid crystal molecules were aligned along the rubbing direction and had a 
pre tilt angle of about 46° with respect to the substrate. 

Furthermore, other drained substrates were used, and a polarizing 
plate was piled on each of the substrates and set so as to turn a polarizing 
direction to the direction almost orthogonal to the draining and raising 
direction, and light of 248 nm of a KrF excimer laser was irradiated for 800 
mJ on half of the surface. Later, the aligning direction of the linear carbon 
chains in the chemical adsorption monomolecular film was examined to find 
that the aligning direction was changed to the direction almost orthogonal 
to the draining and raising direction, and variations in the alignment were 
improved. In the regions not irradiated, the aligning direction of the linear 
carbon chains did not change after the irradiation. 

Two substrates of this state were used and combined to face the 
chemical adsorption films each other, and a liquid crystal cell with a 
20-micron gap was assembled to align the irradiated regions to be anti 
parallel. Then, the nematic liquid crystal (ZLI4792 manufactured by 
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Merck & Co. Inc.) was injected and the alignment condition was checked to 
find that the aligning direction in the non-irradiated regions remained 
parallel to the rubbing direction, whereas in the irradiated regions, the 
injected liquid crystal molecules were aligned along the polarizing direction 
5 at a pre-tilt angle of about 45° with respect to the substrate. 

(EMBODIMENT 12) 

In Embodiment 10, when ClSi(CH 3 )20Si(CH 3 )2 
OSi(CH 3 )20Si(CH3)2Cl and CHaCCH^uSiCla were used as the chemical 

10 adsorption material by mixing them in 1:0 to 0^1 in place of CH3(CH2)i4SiCl3 
and NC(CH3)2(CH2)i4SiCl3, the critical surface energy could be controlled in 
the range of 35 to 21 mN/m, depending on the mixture ratio. Then the cell 
was assembled and liquid crystal of the same kind was injected, thereby 
making the aligning direction of the liquid crystal be parallel to the rubbing 

15 direction and the pre-tilt angle be controlled within the range of 5° to 90°. 

When a film was formed by mixing 
ClSi(CH3) 2 OSi(CH 3 )20Si(CH3)20Si(CH3)2Cl containing linear siloxane 
connection chains and CHsCCH^uSiCls containing linear hydrocarbon 
chains in a desired ratio, a chemical adsorption monomolecular film 

20 containing the molecules shown in Formula (103) and (104) in accordance 
with the mixture ratio was obtained on the surface of the film. 



(103) 

25 CH 3 CH 3 CH 3 CH 3 

I I I I 

HO - Si - O - Si - O - Si - O Si - substrate 

I I I I 

CH 3 CH 3 CH 3 CH 3 

30 
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(104) 

I 

0 
I 

5 H 3 C -(CH2)h - Si - 0 - substrate 

I 

0 
I 

(EMBODIMENT 13) 

In Embodiment 10, HOOC(CH2)i6Si(OCH 3 ) 3 and Br(CH2) 8 Si(OCH 3 ) 3 
were used as the chemical adsorption material by mixing them in 1:0 to 0*1 
in place of CHsfcH^uSiCla and NCteHsMCH^uSiCk, and the mixture was 
flown back for 2 hours at 100°C during chemical adsorption. Also in this 
case, the critical surface energy could be controlled in the range of 56 and 31 
mN/m in accordance with the mixture ratio. 

When liquid crystal of the same kind was injected after the cell was 
assembled, the aligning direction of the liquid crystal was parallel to the 
rubbing direction, and the pre-tilt angle was controlled in the range of 0 to 
28 degrees. 

(EMBODIMENT 14) 

In Embodiment 10, CH3CH 2 C*HCH3CH 2 OCO(CH2)ioSiCl3 (C* is 
asymmetric carbon) and CH3SiCl 3 were used as the chemical adsorption 
25 material by mixing them in 1:0 to 1:20 in place of CH 3 (CH2)i4SiCl3 and 
NC(CH 3 )2(CH2)i4SiCl 3 so as to form an alignment of the same kind. Also in 
this case, the critical surface energy could be controlled in the range of 36 
and 41 mN/m in accordance with the mixture ratio. When liquid crystal of 
the same kind was injected after the cell was assembled, the aligning 
30 direction of the liquid crystal was parallel to the rubbing direction, and the 
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pre-tilt angle was controlled in the range of 3 to 0.1 degrees. 

(EMBODIMENT 15) 

A liquid crystal display device was actually prepared by using the 
5 above-described liquid crystal alignment film. 

First of all, as shown in Figure 25, a first substrate 223 having a 
first electrode group 221 arranged like a matrix and a transistor group 222 
for driving the electrodes, and a second substrate 226 having a color filter 
group 224 and a second electrode 225 arranged to face the first electrode 

10 group were prepared. According to the same procedure as in Embodiment 
14, the processes of the formation of the protection film, rubbing, chemical 
adsorption, drainage of cleansing solution were conducted, thereby 
producing a chemical adsorption monomolecular film having a critical 
surface energy of 37 mN/m. 

15 Later, the first and second substrates 223 and 226 were positioned to 

face the electrodes each other and then fixed with a gap of about 5 microns 
therebetween using a spacer 228 and an adhesive agent 229. After the TN 
liquid crystal 230 was injected into the first and second substrates, 
polarizing plates 231, 232 were assembled to complete the display device. 

20 The pre-tilt angle of the liquid crystal injected in this case was 3 degrees. 
The aligning direction of the liquid crystal was parallel to the rubbing, that 
is, the liquid crystal was aligned parallel to the electrode pattern. 

In this device, while a backlight 233 was applied onto the entire 
surface, each transistor was driven by using video signals so as to display 

25 images in the direction of arrow A. 

(EMBODIMENT 16) 

In Embodiment 15, after the cleansing, draining, and raising 
processes, a mask having pixels each divided into four parts like a 
30 checkered pattern was laid on the polarizing plate, and the same irradiation 
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as in Embodiment 11 was conducted once. As a result, within the same 
pixel, four portions different in aligning direction could be made in a mosaic 
pattern form. Using a substrate provided with this alignment film could 
greatly improve the viewing angle of the liquid crystal display device. 

(EMBODIMENT 17) 

A glass substrate 301 (containing numerous hydroxyl groups on its 
surface) having a transparent electrode thereon was prepared and well 
cleaned to remove grease therefrom in advance. A chemical adsorption 
solution was prepared by dissolving a silane-based surface active agent 
containing linear hydrocarbon groups having one functional group on the 
end for controlling the surface energy of the film and also containing Si 
(hereinafter referred to as a chemical adsorption compound), that is, 
CH 3 (CH2)i4SiCl3 and NCtfCH^SiCla (used as a mixture of a mole ratio of 
1*1) at a concentration of about 1 wt% into a nonaqueous solvent. As the 
nonaqueous solvent, a well dehydrated hexadecane was used. The solution 
thus prepared was referred to as an adsorption solution 302, in which the 
substrate 301 was soaked (could be applied, instead) for an hour or so under 
the dried atmosphere (a relative humidity of not higher than 30%)(Figure 
26). After this, the substrate was taken out from the solution, cleaned with 
n-hexane 303 which is a well dehydrated nonaqueous solution, taken out 
from the cleansing solution while setting it upright in a desired direction, 
and drained to be exposed in the air containing water (Figure 27). As the 
result of these processes, a dehydrochlorination reaction was taken place 
between the SiCl groups in the chlorosilane-based surface active agent and 
the hydroxyl groups in the surface of the substrate, thereby producing the 
bonds expressed in Formulas (105) and (106) below. Furthermore, a 
reaction with water in the air resulted in the bonds expressed in Formulas 
(107) and (108) below. The carbon chains of the molecules adsorbed in this 
case were somewhat aligned in the drainage direction. 
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(105) 

CI 
I 

H 3 C - (CH2)i4 - Si - 0 - substrate 
I 

CI 

(106) 

CI 

I 

N=C - (CH2)i4 • Si - O - substrate 
I 

CI 

(107) 

I 

O 
I 

H 3 C - (CH2)h - Si - O - substrate 
I 

O 
I 

(108) 

I 

O 
I 

N=C - (CH2)i4 - Si - O - substrate 
I 

O 
I 

Next, with the use of a rubbing device with a rayon cloth set therein, 
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rubbing was performed at 45 degrees with respect to the raising direction 
under the conditions of a pushing-in depth of 0.3 mm and a rate of 5m/min. 

As a result of these processes, a chemical adsorption monomolecular 
film 304 obtained by the reaction of the chlorosilane-based surface active 
agent was formed in the state of being chemically bonded through the 
intermediary of siloxane covalent bond in the regions on the surface of the 
substrate where hydroxyl groups were formerly contained, and the bonded 
molecules were aligned along the rubbing direction 305 and formed with a 
thickness of about 1.3 nm (Figure 28). The critical surface energy of the 
chemical adsorption film was about 25 mN/m. 

Two substrates of this state were used and combined so as to face the 
chemical adsorption films each other, and a liquid crystal cell with a 
20-micron gap was assembled to set the rubbing direction to be anti parallel. 
Then, the nematic liquid crystal (ZLI4792 manufactured by Merck & Co. 
Inc.) was injected and the alignment condition was checked to find that the 
injected liquid crystal molecules were aligned along the rubbing direction 
305, that is, along the chemically adsorbed molecules at a pre-tilt angle of 
about 61° with respect to the substrate (Figure 28). 

When the composition of CHateH^nSiCla and NCKCH^nSiCla were 
changed in 1:0 to 0:1 (preferably 10:1 to 1:50), the critical surface energy 
changed from 17 to 26 mN/m, and their pre-tilt angles were arbitrarily 
controlled within the range of 86° to 33°. When a fluorine-containing 
surface active agent such as CFafcFjiMCH^SiCla was continuously added 
as the chemical adsorption compound, the critical surface energy could be 
reduced to 15 mN/m. In this case, the pre-tilt angle of the liquid crystal 
was about 90 degrees, and when driven by applying a voltage, the liquid 
crystal exhibited an extremely uniform change in alignment. 

As described hereinbefore, the present embodiment used a 
silane-based surface active agent which was different in the critical surface 
energy of an obtained film from and was equal in carbon chain length as 
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-(CH^uS however, the aligning direction can be controlled by the rubbing 
direction as long as the critical surface energy was the same even if a 
surface active agent different in carbon chain length (for example, -(CHAr 
wherein n is an integer in the range of 1 to 30) was added. Consequently, 
5 the pre-tilt angle could be controlled in the same manner by the critical 
surface energy of the monomolecular film. 

Furthermore, two substrates of this state were used, and a 
polarizing plate (HNP'B) 306 (manufactured by Polaroid Corporation) was 
piled up on each of the substrates and set so as to turn a polarizing direction 
10 313 to the direction almost orthogonal to a rubbing direction 305, and light 
7 of 365 nm (i rays) of a 500 W extra-high pressure mercury lamp (3.6 
mW/cm 2 after the transmission of the polarizer film) was irradiated for 900 
mJ (Figure 29). 

After this, the aligning direction of the linear carbon chains in the 

15 chemical adsorption monomolecular film 304' was examined to find that the 
critical surface energy and the tilt angle did not change, respectively, but 
the aligning direction 308 was changed to be almost parallel to the 
polarizing direction 313, and variations in alignment were improved 
compared with in the preliminary alignment (Figures 30 and 31). In the 

20 drawing, 309 represents a transparent electrode. 

After rubbing was applied to the entire surface beforehand, a 
patterned mask was piled on the polarizing plate and radiated with 
ultraviolet rays of 365 nm for 800 to 1200 mJ energy. Consequently, the 
aligning direction changed only in the irradiated regions, and as a result, 

25 regions different in aligning direction were formed like a pattern within the 
same alignment film, that is, plural sites were provided where the liquid 
crystal is aligned along the rubbing direction 305 and the polarizing 
direction 313, respectively. Furthermore, the exposure process with a 
desired mask laid on the polarizing mask could be repeated several times to 

30 facilitate the production of a liquid crystal alignment film like a 
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monomolecular film having different aligning directions in the form of a 
pattern. In other words, a liquid crystal display device in which one pixel 
was multi-domain aligned could be provided. 

In the present embodiment, as the light for exposure, light of 365 nm, 
which is i rays of an extra-high pressure mercury lamp, was used; instead, 
it was possible to use light of 436 nm, 405 nm, 254 nm, or 248 nm obtained 
by a KrF excimer laser depending on the degree of light adsorption of the 
film material. Above all, light of 248 nm or 254 nm provided high energy 
alignment efficiency because they are easily adsorbed in most substances. 

(EMBODIMENT 18) 

In Embodiment 17, before the process of conducting chemical 
adsorption of surface active agent molecules containing carbon chains or 
siloxane connection chains, an adsorption solution was prepared by 
dissolving a compound containing plural chlorosilyl groups and soaked in a 
dry atmosphere. Then, a dehydrochlorination reaction was taken place 
between the hydroxyl groups contained in the surface of the substrate and 
the chlorosilyl groups contained in the compound with plural chlorosilyl 
groups. After this, the solution was further reacted with water, and the 
remaining chlorosilyl groups were changed into hydroxyl groups, and SiOH 
bonds, that is, a chemical adsorption film containing numerous hydroxyl 
groups was formed on the surface. 

When an adsorption solution was prepared by dissolving SiCU used 
as the silyl compound containing plural chloro groups into n-octane, and the 
substrate was soaked therein in a dry atmosphere, a dehydrochlorination 
reaction was caused on the interface because the surface contained -OH 
groups so as to produce Chemical Formulas (109) and/or (110) where 
chlorosilane molecules 311 were fixed on the surface of the substrate 
through the intermediary of -SiO- bond. 
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(109) 
CI 

I 

CI - Si - O - substrate 
I 

CI 
(110) 
CI 

I 

CI - Si - 0 - substrate 
I 

O - substrate 

Later, when it was cleaned with a nonaqueous solvent such as 
chloroform, excess SiCU molecules that were not reacted with the substrate 
were removed (Figure 32). When the substrate was taken out in the air 
and reacted with water, a siloxane monomolecular adsorption film 312 
containing numerous SiOH bonds expressed in Formulas (ill) and/or (112) 
was obtained on the surface (Figure 33). 

(Ill) 

OH 
I 

HO - Si - O - substrate 
I 

OH 

(112) 

OH 
I 

HO - Si - O • substrate 
I 

O - substrate 
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In this case, when the process of cleansing with a nonaqueous 
solvent such as chloroform was omitted, a polysiloxane chemical adsorption 
film containing numerous SiOH bonds on the surface was formed. 
5 The siloxane monomolecular film 312 formed in this case was 

completely bonded to the substrate through the chemical bond of -SiO, so it 
never exfoliated. The obtained monomolecular film included numerous 
SiOH bonds on the surface. In particular, about 2 to 3 times more -OH 
groups than the initial number were produced. The processing unit of this 

10 state had extremely high hydrophilicity. In this state, when a chemical 
adsorption process was conducted by using the surface active agent of the 
same kind used in Embodiment 17, a chemical adsorption monomolecular 
film containing carbon chains obtained through the reaction of the surface 
active agent of the same kind as in Figure 28 was formed with a thickness of 

15 about 1.5 nm while chemically bonded through the intermediary of siloxane 
covalent bond via the siloxane monomolecular film 312. At this moment, 
the adsorption sites (OH groups in this case) on the surface of the substrate 
prior to the adsorption of the surface active agent was about two or three 
times more than in Embodiment 17, so that the density of the adsorption 

20 molecules could be larger than in Embodiment 17. The processing unit 
became lipophilic. 

The substrates of this state were used and rubbed in a manner that 
the rubbing direction became almost orthogonal to the raising direction. 
Then, the aligning direction of the linear carbon chains in the chemical 

25 adsorption monomolecular film was examined to find that the tilt angle was 
86° which was slightly larger than in Embodiment 17, but the aligning 
direction was changed to be almost parallel to the rubbing direction, and 
variations in alignment were improved. The critical surface energy in this 
case was 28 rtiN/m. 

30 Two substrates of this state were used and combined so as to face the 
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chemical adsorption films each other, and a liquid crystal cell with a 
20-micron gap was assembled to make the aligning direction anti parallel. 
Then, the nematic liquid crystal (ZLI4792 manufactured by Merck & Co. 
Inc.) was injected and the alignment condition was checked to find that the 
5 injected liquid crystal molecules were aligned along the chemically adsorbed 
molecules with a pre tilt angle of about 46° with respect to the substrate. 

(EMBODIMENT 19) 

In Embodiment 17, when ClSi(CH 3 )20Si(CH3)20Si(CH 3 )2 

10 OSi(CH3)2Cl and CH3(CH2)i4SiCl3 were used as the chemical adsorption 
material by mixing them in 1:0 to 0^1 in place of CHaCCH^nSiCla and 
NC(CH3)2(CH2)i4SiCl3, the critical surface energy could controlled in the 
range of 35 to 21 mN/m in accordance with the mixture ratio. When liquid 
crystal of the same kind was injected after the cell was assembled, the 

15 pre-tilt angle was controlled in the range of 5 to 89 degrees. 

When a film was formed by mixing 
ClSi(CH3)20Si(CH3)20Si(CH 3 )20Si(CH 3 )2Cl containing linear siloxane 
connection chains and CH3(CH2)i4SiCl3 containing linear hydrocarbon 
chains in a desired ratio, a chemical adsorption monomolecular film 

20 containing the molecules shown in Formula (113) and (114) in accordance 
with the mixture ratio was obtained on the surface of the fil m . 

(113) 

CH 3 CH 3 CH 3 CH 3 
25 I I I I 

HO - Si - O - Si - O - Si - O Si - substrate 

I I I I 

CH 3 CH 3 CH 3 CH 3 

30 
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(114) 

I 

O 
I 

H 3 C -(CH2)h - Si - O - substrate 



O 
I 



10 (EMBODIMENT 20) 

In Embodiment 17, HOOC(CH2)i 6 Si(OCH 3 )3 and Br(CH2)8Si(OCH 3 )3 
were used as the chemical adsorption material by mixing them in 1:0 to 0^1 
in place of CHateH^uSiCla and NCteHsMCH^uSiCls, and the mixture was 
flown back for 2 hours at 100°C during chemical adsorption. Also in this 

15 case, the critical surface energy could be controlled in the range of 56 and 3 1 
mN/m in accordance with the mixture ratio. When liquid crystal of the 
same kind was injected after the cell was assembled, the aligning direction 
of the liquid crystal was controlled by the rubbing direction, and the pretilt 
angle was controlled in the range of 0 to 27 degrees. 

20 

(EMBODIMENT 21) 

In Embodiment 17, CH3CH2C*HCH3CH 2 OCO(CH2)ioSiCl3 (C* is 
asymmetric carbon) and CH 3 SiCl 3 were used as the chemical adsorption 
material by mixing them in 1:0 to 1:20 in place of CHsfcH^nSiCls and 

25 NC(CH 3 )2(CH2)i4SiCl3 so as to form an alignment film of the same kind. In 
this case, the critical surface energy could be controlled in the range of 36 
and 41 mN/m in accordance with the mixture ratio. When liquid crystal of 
the same kind was injected after the cell was assembled, the aligning 
direction of the liquid crystal was parallel to the rubbing direction, and the 

30 pre-tilt angle was controlled in the range of 3 to 0.1 degrees. 
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(EMBODIMENT 22) 

A liquid crystal display device was actually prepared by using the 
above-described liquid crystal alignment film. 

First of all, as shown in Figure 34, a chemical adsorption solution 
prepared in the same procedure as in Embodiment 5 was applied on a first 
substrate 323 having a first electrode group 321 arranged like a matrix and 
a transistor group 322 for driving the electrodes, and on a second substrate 
326 having a color filter group 324 and a second electrode 325 arranged to 
face the first electrode group, thereby producing a chemical adsorption 
monomolecular film having a critical surface energy of 36 mN/m. 

After this, rubbing was so applied as to be parallel to the electrode 
pattern under the same conditions as in Embodiment 17. As a result, a 
liquid crystal alignment film 327 in which linear hydrocarbon groups were 
realigned along the electrode pattern as in Embodiment 21 and which had a 
critical surface energy of 37 mN/m was produced. Then, the first and 
second substrates 323 and 226 were positioned to face the electrodes each 
other and then fixed with a gap of about 5 microns therebetween using a 
spacer 328 and an adhesive agent 329. After the TN liquid crystal 330 was 
injected into the first and second substrates, polarizing plates 331, 332 were 
assembled to complete the display device. The pre-tilt angle of the liquid 
crystal injected in this case was 3 degrees. 

In this device, while a backlight 333 was applied onto the entire 
surface, each transistor was driven by using video signals so as to display 
images in the direction of arrow A. 

(EMBODIMENT 23) 

After the rubbing process of Embodiment 22, the same process of 
exposing a mask having pixels each divided into four parts like a checkered 
pattern laid on the polarizing plate as in Embodiment 17 was conducted 
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once. As a result, within the same pixel, four portions different in aligning 
direction could be made in a pattern form. Using a substrate provided with 
this alignment film could greatly improve the viewing angle of the liquid 
crystal display device. 

5 

INDUSTRICAL APPLICABILITY 

As explained hereinbefore, according to the liquid crystal alignment 
film of the present invention, it becomes possible to maintain the uniformity 
of liquid crystal alignment on a panel having a large area or the substrate 

10 surface having a stepped portion, and also to provide a film having high 
exfoliation resistance. According to the liquid crystal display device of the 
present invention, using a liquid crystal alignment film of this kind as a 
component can prevent the uniformity of the liquid crystal alignment film 
from deteriorating in a panel having a large area or the substrate surface 

15 having a stepped portion, thereby maintaining the alignment of the liquid 
crystal. 

According to a method of producing the liquid crystal alignment film 
of the present invention, it becomes possible to produce a liquid crystal 
alignment film having well maintained uniformity in an efficient and 

20 rational manner even in a panel having a large area or the substrate surface 
having a stepped portion. In this production method, an increased area of 
the panel and the stepped portion on the surface of the substrate do not 
basically affect the uniformity of alignment, and an increased area of the 
panel does not basically decrease the efficiency of the production. 

25 Furthermore, according to the translucent substrate for exposure of 

the present invention, the production method of the present invention can 
be performed easily and efficiently, and according to the production method 
of the translucent substrate for exposure of the present invention, a 
translucent substrate for exposure can be produced extremely easily. 

30 In addition, according to the present invention, a highly reliable 
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alignment film for a liquid crystal display device can be provided efficiently 
and rationally in which the aligning direction of the liquid crystal is 
controlled by the rubbing direction, and the pre-tilt angle of the liquid 
crystal is controlled by the surface energy of the monomolecular film-like 
5 film. When a process of exposing a patterned mask laid on a polarizing 
plate is conducted in the production of the liquid crystal alignment film, it 
becomes possible to provide plural sites in a patterned form only different in 
aligning direction within the alignment film of the same surface. As a 
result, a multi-domain liquid crystal display device in which the alignment 

10 of each pixel is divided into plural types and which was difficult in prior art 
rubbing only can be produced efficiently and rationally. 

Using a liquid crystal alignment film of this kind has the effect of 
providing a liquid crystal display device which has high yield, extremely low 
cost, high reliability, and excellent display performance because the 

15 electrodes and the Si02 protection film formed on the electrodes are harder 
than in the prior art case where the alignment film is formed by rubbing a 
resin, thereby reducing the occurrence of defects and obtaining an 
alignment film exhibiting a desired tilt angle. 

The alignment film adsorption formed is possible to take in liquid 

20 crystal having a specific surface energy, such as nematic liquid crystal or 
ferroelectric liquid crystal through bonding, so not only the aligning 
direction and the tilt angle can be controlled but also an alignment film 
having a high power to control alignment can be produced efficiently and 
rationally. 

25 In addition, the present invention has the effect of providing a novel 

alignment film which is far more uniform and thinner than conventional 
ones and in which the aligning direction of the liquid crystal to be injected is 
controlled by the rubbing direction, and the pre-tilt angle is controlled by 
the surface energy of the monomolecular film by using the process of 

30 contacting the surface of the substrate having electrode thereon with a 
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chemical adsorption solution prepared by using a silane-based surface 
active agent containing a carbon chain or a siloxane connection chain and at 
least one function group for controlling the surface energy of the film is 
provided on the end or at a part of the carbon chain or the siloxane 
5 connection chain, and causing a chemical reaction between surface active 
agent molecules contained in the chemical adsorption solution and the 
surface of the substrate, thereby fixing one end of the surface active agent 
molecules to the surface of the substrate,* and the process of rubbing. 

After the rubbing process, the process of exposing a patterned mask 

10 laid on the polarizing plate is conducted several times so as to provide 
patterned plural sites different in aligning direction only within the 
alignment film in the same surface. As a result, a multi-domain liquid 
crystal display device in which the alignment of each pixel is divided into 
plural types and which was difficult in prior art rubbing can be produced 

15 efficiently and rationally. 

In addition, this alignment film is tightly bonded to the surface of 
the substrate through the intermediary of covalent bond, which realizes an 
extremely reliable liquid crystal display device. 

The alignment film adsorption formed is possible to take in liquid 

20 crystal having a specific surface energy, such as nematic liquid crystal or 
ferroelectric liquid crystal through bonding, so not only the aligning 
direction and the tilt angle can be controlled but also an alignment film 
having a high power to control alignment can be produced efficiently and 
rationally. 

25 
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What is claimed is- 



1. A liquid crystal alignment film comprising a molecule group with one 
end thereof chemically adsorbed on the surface of a substrate, wherein the 
molecule group contains molecules each having a linear carbon chain and at 
least part of the linear carbon chains are selectively polymerized. 

2. The liquid crystal alignment film of claim 1, wherein the tilt of the 
linear carbon chains to the substrate is controlled at a fixed angle by the 
polymerization of the linear carbon chains. 

3. The liquid crystal alignment film of claim 2, wherein said molecule 
group includes shorter molecules than the molecules having the linear 
carbon chains; the tilt of the linear carbon chains to the substrate is 
controlled at the fixed angle by the presence of the molecules,* the tilt to the 
substrate becomes larger or smaller than said angle by the selective 
polymerization of at least part of the linear carbon chains; and the decrease 
or the increase forms regions having polarized linear carbon chains into a 
projective portion or a depressive portion. 

4. The liquid crystal alignment film of claim 2, wherein on the surface of 
the substrate, regions having polarized linear carbon chains form plural 
stripes almost parallel to each other via regions where the linear carbon 
chains are not polymerized. 

5. The liquid crystal alignment film of claim 1, wherein one end of the 
molecules having the linear carbon chains is fixed on the surface of the 
substrate via siloxane bond. 

6. The liquid crystal alignment film of claim 1, wherein the molecules 
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composing the molecule group are bonded to each other via siloxane bond. 

7. A method of producing a liquid crystal alignment film comprising the 
steps of contacting the surface of the substrate with a chemical adsorption 

5 solution and causing a chemical reaction between surface active agent 
molecules having linear carbon chains contained in said chemical 
adsorption solution and hydrophilic groups on the surface, thereby fixing 
one end of the molecules to the surface of the substrate; and selectively 
exposing a film composed of a molecule group containing said molecules, 
10 thereby providing at least part of the linear carbon chains with alignment 
with respect to the substrate. 

8. The method of producing a liquid crystal alignment film of claim 7, 
wherein the step of providing at least part of the linear carbon chains with 

15 alignment with respect to the substrate is the step of polymerizing the 
linear carbon chains, thereby controlling the tilt of the linear carbon chains 
to the substrate at a fixed angle. 

9; The method of producing a liquid crystal alignment film of claim 8, 
20 wherein the tilt of the linear carbon chains to the substrate is controlled at 
the fixed angle by fixing one end of surface active agent molecules having 
linear carbon chains as well as molecules having a shorter molecular length 
than said molecules to the surface of the substrate; the angle of the 
polymerized linear carbon chains to the substrate is increased or decreased 
25 from said angle by selectively polymerizing at least part of the linear carbon 
chains,* and the decrease or the increase forms regions having polymerized 
linear carbon chains into a projective portion or a depressive portion. 

10. The method of producing a liquid crystal alignment film of claim 7 
30 further comprising the step of cleansing the surface of the substrate with an 
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organic solvent, after the step of fixing one end of the surface active agent 
molecules having the linear carbon chains onto the surface, and before the 
step of exposing the film composed of the molecule group containing said 
molecules. 

11. The method of producing a liquid crystal alignment film of claim 10, 
wherein in the step of cleansing with the organic solvent, the draining of the 
organic solvent from the surface of the substrate is performed in a 
predetermined direction, thereby aligning the linear carbon chains in said 
predetermined direction. 

12. The method of producing a liquid crystal alignment film of claim 11, 
wherein the tilt of the linear carbon chains to the substrate is controlled at 
the fixed angle by setting the draining of the organic solvent from the 
surface of the substrate at a predetermined direction; the angle of the 
polymerized linear carbon chains to the substrate is increased or decreased 
from said angle by selectively polymerizing at least part of the linear carbon 
chains each other; and the decrease or the increase forms regions having 
polymerized linear carbon chains into a projective portion or a depressive 
portion. 

13. The method of producing a liquid crystal alignment film of claim 10, 
wherein as the organic solvent, a nonaqueous organic solvent containing at 
least one selected from an alkyl group, a carbon fluoride group, a carbon 
chloride group, and a siloxane group is used. 

14. The method of producing a liquid crystal alignment film of claim 8, 
wherein exposure is conducted via the translucent substrate on which 
plural projections and depressions are extended almost in a same direction, 
so that on the surface of the substrate, regions having polymerized linear 
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carbon chains form plural stripes almost parallel to each other via regions 
where the linear carbon chains are not polymerized. 



15. The method of producing a liquid crystal alignment film of claim 14, 
5 wherein said exposure is conducted via the translucent substrate, and the 

depressive portions of the projections and depressions on its surface are 0.01 
to 0.5 jim in width and depth. 

16. The method of producing a liquid crystal alignment film of claim 14, 
10 wherein light reaching the film via the translucent substrate is diffracted by 

the projections and depressions on the translucent substrate. 

17. The method of producing a liquid crystal alignment film of either one 
of claims 7 to 16, wherein the surface active agent molecules having the 

15 linear carbon chains contain a silicic group selected from a chlorosilyl group, 
an alkoxy silyl group, and an isocyanato silyl group at the end. 

18. The method of producing a liquid crystal alignment film of claim 8, 
wherein the surface active agent molecules having the linear carbon chains 

20 contain a photo-polymeric functional group in the linear carbon chains. 

19. The method of producing a liquid crystal alignment film of claim 18, 
wherein the photo -polymeric functional group is a diacetylene group. 

25 20. A method of producing a liquid crystal alignment film comprising the 
steps of : 

contacting the surface of the substrate with a chemical adsorption 
solution and causing a chemical reaction between surface active agent 
molecules having linear carbon chains contained in said chemical 
30 adsorption solution and hydrophilic groups on the surface, thereby fixing 
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one end of the molecules to the surface of the substrate; 

draining the surface from the organic solvent contacted thereon 
while setting the surface at a predetermined direction, thereby cleansing 
and drying the surface; and 
5 arranging the translucent substrate on which plural projections and 

depressions are extended nearly in the same direction in a manner that the 
direction to extend the plural projections and depressions is not orthogonal 
to the drainage direction, and exposing a film composed of a molecule group 
containing the molecules via the translucent substrate. 

10 

21. A liquid crystal display device comprising two substrates arranged 
with a predetermined space therebetween, at least one of opposing surfaces 
of the substrates being coated with a liquid crystal alignment film, and 
liquid crystal sandwiched by the two substrates and aligned under control of 

15 said liquid crystal alignment film, wherein said liquid crystal alignment 
film is a film made firom a molecule group one end thereof chemically 
adsorbed on the surface of the substrate, said molecule group including 
molecules having linear carbon chains, and at least part of said linear 
carbon chains are selectively polymerized. 

20 

22. The liquid crystal display device of claim 21 comprising a liquid crystal 
alignment film in which the tilt of the liner carbon chains to the substrate is 
controlled at a fixed angle by the polymerization of the linear carbon chains. 

25 23. The liquid crystal display device of claim 21, wherein the surface of a 
substrate has a stepped portion as a result that at least one thin film 
member selected from an electrode, a color filter, and a thin film transistor 
is formed on part of the surface of the substrate, and the liquid crystal 
alignment film is formed in a region including said stepped portion. 

30 
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24. The liquid crystal display device of claim 21, wherein the liquid crystal 
alignment film includes plural regions different in aligning direction. 

25. A method of producing a liquid crystal alignment film comprising the 
step containing exposure in which the film formed on the surface of the 
substrate is provided with plural projections and depressions extending 
almost in a same direction. 

26. The method of producing a liquid crystal alignment film of claim 25, 
wherein the depressive portions of the projections and depressions are 0.01 
to 0.5 pm in width. 

27. The method of producing a liquid crystal alignment film of claim 25, 
wherein the film is a chemical adsorption polymer film. 

28. The method of producing a liquid crystal alignment film of claim 27, 
wherein the chemical adsorption polymer film is bonded to the surface of the 
substrate through the intermediary of siloxane bond. 

29. A method of producing a liquid crystal alignment film comprising the 
steps of- 

forming a photosensitive polymer-containing film on the surface of a 
substrate** 

exposing the film in a manner that exposed regions form plural 
stripes almost parallel to each other via unexposed regions; 

forming plural projections and depressions extending almost in a 
same direction on the surface of the film by removing a part of the film by 
making use of the difference in the molecular structure of the molecules 
composing the film caused by exposure. 



87 



30. The method of producing a liquid crystal alignment film of claim 29, 
wherein the difference in the molecular structure of the molecules 
composing the film caused by the exposure is the difference in the degree of 
polymerization of the molecules composing the film. 

31. The method of producing a liquid crystal alignment film of claim 29, 
wherein the exposure is performed via the translucent substrate on which 
plural projections and depressions extend almost in a same direction. 

32. The method of producing a liquid crystal alignment film of claim 31, 
wherein the step of exposing the film is the step of exposing the film in a 
manner that exposed regions form stripes extending nearly in the same 
direction as the direction to extend the projections and depressions on the 
surface of the translucent substrate. 

33. The method of producing a liquid crystal alignment film of claim 31, 
wherein the pattern of the projections and depressions on the surface of the 
translucent substrate is transferred as the pattern of the exposed regions 
and non-exposed regions of the film 

34. The method of producing a liquid crystal alignment film of claim 31, 
wherein the depressive portions of the projections and depressions on the 
surface of the translucent substrate are 0.01 to 0.5 pm in width and depth. 

35. The method of producing a liquid crystal alignment film of claim 29, 
wherein the solution containing photosensitive surface active agent 
molecules is contacted with the surface of the substrate so as to chemically 
adsorb the surface active agent molecules to the substrate, thereby forming 
the photosensitive polymer-containing film. 
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36. The method of producing a liquid crystal alignment film of claim 35, 
wherein the surface active agent molecules contain a silicic group selected 
from a chlorosilyl group, an alkoxy silyl group, and an isocyanato silyl group 
at the end. 

5 

37. A translucent substrate used for exposure of a liquid crystal alignment 
film comprising plural projections and depressions extended nearly in the 
same direction on the surface thereof. 

10 38. The translucent substrate used for exposure of a liquid crystal 
alignment film of claim 37, wherein the projections and depressions are 0.01 
to 0.5pm in width and depth. 

39. A method of producing a translucent substrate used for exposure of a 
15 liquid crystal alignment film provided with plural projections and 

depressions extending nearly in the same direction thereon, comprising the 
steps of cleansing the transparent substrate, and rubbing the surface of the 
transparent substrate nearly in the same direction with the use of a 
member higher in hardness than the transparent substrate. 

20 

40. The method of producing a translucent substrate used for exposure of a 
liquid crystal alignment film of claim 39, wherein the transparent substrate 
is made of either a polycarbonate resin or an acrylic resin. 

25 41. A method of producing a translucent substrate used for exposure of a 
liquid crystal alignment film provided with plural projections and 
depressions extending nearly in the same direction thereon, comprising the 
steps of 

cleansing the transparent substrate; 
30 applying a photosensitive resist on the surface of the transparent 
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substrate; 

exposing the photosensitive resist in a manner that exposed regions 
form plural stripes almost parallel to each other via non-exposed regions; 
and 

5 developing the photosensitive resist. 

42. The method of producing a translucent substrate used for exposure of a 
liquid crystal alignment film of claim 41, wherein the photosensitive resist 
is exposed by using at least one selected from ultraviolet rays, far 

10 ultraviolet rays, and electronic beams. 

43. The method of producing a translucent substrate used for exposure of a 
liquid crystal alignment film of claim 41, wherein said surface is etched by 
at least one method selected from chemical etching, plasma etching, and 

15 sputter etching, after the step of developing the photosensitive resist. 

44. A liquid crystal display device comprising two substrates arranged 
with a predetermined space therebetween, at least one of opposing surfaces 
of the substrates being coated with a liquid crystal alignment film, and 

20 liquid crystal sandwiched by the two substrates and aligned under control of 
said liquid crystal alignment film, wherein said liquid crystal alignment 
film is provided with plural projections and depressions extending almost in 
a same direction formed by the step containing exposure on a surface in 
contact with the liquid crystal. 

25 

45. The liquid crystal display device of claim 44, wherein the surface of the 
substrate has a stepped portion as a result that at least one thin film 
member selected from an electrode, a color filter, and a thin film transistor 
is formed on part thereof, and the liquid crystal alignment film is formed in 

30 a region including said stepped portion. 
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46. The liquid crystal display device of claim 44, wherein the liquid crystal 
alignment film includes plural regions different in aligning direction. 

5 47. A liquid crystal alignment film, wherein a film like a monomolecular 
film is formed on the surface of the substrate provided with previously 
formed electrodes whose surfaces are rubbed either directly or after an 
arbitrary thin film is formed thereon. 

10 48. The liquid crystal alignment film of claim 47, wherein a molecule 
constituting the monomolecular film-like film is provided with a carbon 
chain or a siloxane connection chain 1 , and at least one functional group for 
controlling the surface energy of the film is provided on the end or part of 
the carbon chain or the siloxane connection chain. 

15 

49. The liquid crystal alignment film of claim 47, wherein a mixture of 
plural kinds of silane-based surface active agents different in critical 
surface energy is used as a molecule constituting the film, and the fixed film 
is controlled to have a desired critical surface energy value. 

20 

50. The liquid crystal alignment film of claim 47, wherein the functional 
group for controlling the surface energy is at least one organic group 
selected from a carbon trifluoride group (-CF3), a methyl group (-CH3), a 
vinyl group (-CH=CH2), an aryl group (-CH-CH-), an acetylene group (a 

25 carbon-to-carbon triple bond), a phenyl group (-C6H5), a phenylene group 
(-C6H4-), a halogen atom, an alkoxy group (-OR;R indicates an alkyl group), 
a cyano group (-CN), an amino group (-NH2), a hydroxyl group (-OH), a 
carbonyl group (=CO), a carboxy group (-COO), and a carboxyl group 
(-COOH). 

30 
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51. The liquid crystal alignment film of claim 47, wherein the molecule 
constituting the film contains Si on the end. 

52. A method of producing a monomolecular film-like liquid crystal 
5 alignment film comprising the steps of rubbing the surface of the substrate 

provided with previously formed electrodes thereon either directly or after 
an arbitrary thin film is formed thereon; and contacting the surface of the 
substrate with a chemical adsorption solution prepared by using a 
silane-based surface active agent containing a carbon chain or a siloxane 
10 connection chain and at least one function group for controlling the surface 
energy of the film is provided on the end or at a part of the carbon chain or 
the siloxane connection chain. 

53. The method of producing a monomolecular film-like liquid crystal 
15 alignment film of claim 52, wherein as the surface active agent, a 

silane-based surface active agent containing a linear carbon chain or a 
siloxane connection chain, and a chlorosilyl group, an alkoxy silyl group, or 
an isocyanato silyl group is used. 

20 54. The method of producing a monomolecular film-like liquid crystal 
alignment film of claim 52, wherein as the surface active agent, a mixture of 
plural kinds of silicon-based surface active agents different in critical 
surface energy is used. 

25 55. The method of producing a monomolecular film-like liquid crystal 
alignment film of claim 52, wherein the carbon chain or the siloxane 
connection chain contains at least one organic group selected from a carbon 
trifluoride group (-CF3), a methyl group (-CH3), a vinyl group (-CH=CH2), an 
aryl group (-CH=CH*), an acetylene group (a carbon-to-carbon triple bond), 

30 a phenyl group (-C6H5), a phenylene group (-C6H4-), a halogen atom, an 
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alkoxy group (-OR;R indicates an alkyl group), a cyano group (-CN), an 
amino group (-NH2X a hydroxyl group (-OH), a carbonyl group (=CO), a 
carboxy group (-COO), and a carboxyl group (-COOH) on the end or a part 
of the carbon chain or the siloxane connection chain. 

5 

56. The method of producing a monomolecular film-like hquid crystal 
alignment film of claim 52, wherein after the step of fixing one end of the 
surface active agent molecules to the surface of the substrate by bonding, 
the substrate is cleansed with an organic solvent, and set upright in a 

10 desired direction for drainage, thereby aligning the fixed molecules in the 
drainage direction. 

57. The method of producing a monomolecular film -like liquid crystal 
alignment film of claim 56, wherein after the molecules are aligned, the 

15 aligned molecules are exposed via a polarizer film, thereby realigning the 
aligned molecules in a desired direction. 

58. The method of producing a monomolecular film -like liquid crystal 
alignment film of claim 56, wherein as the surface active agent, a 

20 silane-based surface active agent containing a linear carbon chain or a 
siloxane connection chain and a chlorosilyl group or an isocyanato silyl 
group is used, and as the organic solvent for cleansing, a nonaqueous 
organic solvent containing no water is used. 

25 59. The method of producing a monomolecular film-like liquid crystal 
alignment film of claim 58, wherein as the nonaqueous organic solvent, a 
solvent containing an alkyl group, a carbon fluoride group, a carbon chloride 
group, or a siloxane group is used. 

30 60. The method of producing a monomolecular film-like liquid crystal 
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alignment film of claim 52, wherein after the step of rubbing and before the 
step of fixing one end of the surface active agent molecules, the step of 
forming a film containing numerous SiO groups is performed to form a 
monomolecular film-like film via the film. 

5 

61. A liquid crystal display device, wherein a film, which is composed of a 
molecule provided with a carbon chain or a siloxane connection chain, and 
at least one functional group for controlling the surface energy of the film is 
provided on the end or part of the carbon chain or the siloxane connection 

10 chain, is formed as a liquid crystal alignment film either directly or 
indirectly through another film on the electrode-side surface of at least one 
of the substrates provided with two opposing electrodes, the surfaces of the 
electrodes are rubbed either directly or after an arbitrary thin film is formed 
thereon, and liquid crystal is sandwiched by the two opposing electrodes via 

15 the alignment film. 

62. The liquid crystal display device of claim 61, wherein said film is 
arranged as an alignment film on each of the surfaces of the two substrates 
on which the opposing electrodes are formed and rubbed. 

20 

63. The liquid crystal display device of claim 61, wherein the films on the 
surfaces of the substrates contain a plurality of patterned sites different in 
aligning direction. 

25 64. The liquid crystal display device of claim 60, wherein the opposing 
electrodes are formed on one of the surfaces of the substrates. 

65. A method of producing a liquid crystal display device comprising the 
steps of* rubbing a first substrate having a first electrode group previously 
30 arranged in a matrix either directly or after an arbitrary thin film is formed 
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thereon; contacting the surface of the first substrate with a chemical 
adsorption solution prepared by using a silane-based surface active agent 
containing a carbon chain or a siloxane connection chain and at least one 
function group for controlling the surface energy of the film is provided on 
5 the end or at a part of the carbon chain or the siloxane connection chain, and 
causing a chemical reaction between surface active agent molecules 
contained in said chemical adsorption solution and the surface of the 
substrate, thereby fixing one end of the surface active agent molecules to 
the surface of the substrate; cleansing the substrate with an organic solvent 

10 and draining the surface by setting it upright at a predetermined direction, 
thereby aligning the fixed molecules in the drainage direction; and 
positioning the first substrate having the first electrode group and a second 
substrate or the second substrate having a second electrode or an electrode 
group by setting the surfaces provided with the electrodes inside while 

15 maintaining a predetermined space, and fixing them by bonding; and 
injecting predetermined liquid crystal between the first and second 
substrates. 

66. The method of producing a liquid crystal display device of claim 65 
20 further comprising the step of aligning the surface active agent molecules in 
a specific direction with a desired tilt by exposing them to light polarized in 
a desired direction via a polarizing plate, after the step of aligning the fixed 
molecules. 

25 67. The method of producing a liquid crystal display device of claim 66, 
wherein in the step of aligning the bonded surface active agent molecules in 
a specific direction with a desired tilt by exposing them to light polarized in 
a desired direction via a polarizing plate, the process of exposing a 
patterned mask laid on the polarizing plate is conducted several times so as 

30 to provide patterned plural sites different in aligning direction within the 
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alignment film in the same surface. 

68. A liquid crystal alignment film which is a monomolecular film-like film 
formed on the surface of the substrate provided with desired electrodes, the 

5 surface of the film being rubbed. 

69. The liquid crystal alignment film of claim 68, wherein the molecule 
constituting the film is provided with a carbon chain or a siloxane 
connection chain, and at least one functional group for controlling the 

10 surface energy of the coating film is provided on the end or part of the 
carbon chain or the siloxane connection chain. 

70. The liquid crystal alignment film of claim 68, wherein a mixture of 
plural kinds of silane-based surface active agents different in critical 

15 surface energy is used as a molecule constituting the film, and the fixed film 
is controlled to have a desired critical surface energy value. 

71. The liquid crystal alignment film of claim 69, wherein the functional 
group for controlling the surface energy is at least one organic group 

20 selected from a carbon trifluoride group (-CF3), a methyl group ( CH3), a 
vinyl group (CH=CH2), an aryl group (CH=CH-), an acetylene group (a 
carbon-to-carbon triple bond), a phenyl group (-C6H5), a phenylene group 
( C6H4-), a halogen atom, an alkoxy group ( OR;R indicates an alkyl group), 
a cyano group ( CN), an amino group (NH2), a hydroxyl group ( OH), a 

25 carbonyl group (=CO), a carboxy group (-COO), and a carboxyl group 
(-COOH). 

72. The liquid crystal alignment film of claim 68, wherein the molecule 
constituting the film contains Si on the end. 

30 
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73. A method of producing a monomolecular film-like liquid crystal 
alignment film, comprising the steps of 

contacting the surface of the substrate having an electrode thereon with a 
chemical adsorption solution prepared by using a silane*based surface 
5 active agent containing a carbon chain or a siloxane connection chain and at 
least one function group for controlling the surface energy of the film is 
provided on the end or at a part of the carbon chain or the siloxane 
connection chain, and causing a chemical reaction between surface active 
agent molecules contained in said chemical adsorption solution and the 
10 surface of the substrate, thereby fixing one end of the surface active agent 
molecules to the surface of the substrate; and rubbing the surface. 

74. The method of producing a monomolecular film-like liquid crystal 
alignment film of claim 73, wherein as the surface active agent, a 

15 silane-based surface active agent containing a linear carbon chain or a 
siloxane connection chain, and a chlorosilyl group, an alkoxy silyl group, or 
an isocyanato silyl group is used. 

75. The method of producing a monomolecular film-like liquid crystal 
20 alignment film of claim 73, wherein as the surface active agent, a mixture of 

plural kinds of silicon-based surface active agents different in critical 
surface energy is used. 

76. The method of producing a monomolecular film-like liquid crystal 
25 alignment film of claim 73, wherein the carbon chain or the siloxane 

connection chain contains at least one organic group selected from a carbon 
trifluoride group (-CF3X a methyl group (-CH3), a vinyl group (-CHKJH2), an 
aryl group (-CH=CH>), an acetylene group (a carbon-to-carbon triple bond), 
a phenyl group (-CeHsX a phenylene group (-C6H4-), a halogen atom, an 
30 alkoxy group (-OR>*R indicates an alkyl group), a cyano group (-CN), an 
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amino group (-NH2), a hydroxyl group (-OH), a carbonyl group (=CO), a 
carboxy group ( COO ), and a carboxyl group ( COOH) on the end or a part 
of the carbon chain or the siloxane connection chain. 

5 77. The method of producing a monomolecular film-like liquid crystal 
alignment film of claim 73, wherein after the step of fixing one end of the 
surface active agent molecules to the surface of the substrate by bonding, 
the substrate is cleansed with an organic solvent, and set upright in a 
desired direction for drainage so as to preliminarily align the fixed 
10 molecules in the drainage direction, and then rubbing is applied. 

78. The method of producing a monomolecular film -like liquid crystal 
alignment film of claim 73, wherein after the aligned molecules are aligned 
in a desired direction by rubbing the monomolecular film in an optional 

15 direction, the step of exposing a patterned mask laid on the polarizing plate 
is conducted as to provide patterned plural sites different in aligning 
direction within the alignment film in the same surface. 

79. The method of producing a monomolecular film -like liquid crystal 
20 alignment film of either one of claims 73*78, wherein as the surface active 

agent, a silane-based surface active agent containing a linear carbon chain 
or a siloxane connection chain, and a chlorosilyl group or an isocyanato silyl 
group is used, and as the organic solvent for cleansing a nonaqueous organic 
solvent containing no water is used. 

25 

80. The method of producing a monomolecular film-like liquid crystal 
alignment film of claim 79, wherein as the nonaqueous organic solvent, a 
solvent containing an alkyl group, a carbon fluoride group, a carbon chloride 
group, or a siloxane group is used. 

30 
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81. The method of producing a monomolecular film -like liquid crystal 
alignment film of claim 73, wherein before the step of fixing one end of the 
surface active agent molecules, the step of forming a film containing 
numerous SiO groups is performed to form a monomolecular film-like film 

5 via the film, and then rubbing is conducted. 

82. A liquid crystal display device, wherein a monomolecular film -like film, 
which is composed of a molecule provided with a carbon chain or a siloxane 
connection chain, and at least one functional group for controlling the 

10 surface energy of the film is provided on the end or part of the carbon chain 
or the siloxane connection chain, is rubbed and formed as a liquid crystal 
alignment film either directly on the electrode-side surface of at least one of 
the substrates provided with two opposing electrodes, or indirectly through 
another film, and liquid crystal is sandwiched by the two opposing 

15 electrodes via the alignment film. 

83. The liquid crystal display device of claim 82, wherein said film is 
arranged as an alignment film on each of the surfaces of the two substrates 
on which the opposing electrodes are formed. 

20 

84. The liquid crystal display device of claim 82, wherein the films on the 
surfaces of the substrates contain plural patterned sites different in 
aligning direction. 

25 85. The liquid crystal display device of claim 82, wherein the opposing 
electrodes are formed on one of the surfaces of the substrates. 

86. A method of producing a liquid crystal display device comprising the 
steps of- contacting a first substrate having a first electrode group 
30 previously arranged in a matrix either directly or after an arbitrary thin 
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film is formed thereon with a chemical adsorption solution prepared by 
using a silanebased surface active agent containing a carbon chain or a 
siloxane connection chain and at least one function group for controlling the 
surface energy of the film is provided on the end or at a part of the carbon 
5 chain or the siloxane connection chain, and causing a chemical reaction 
between surface active agent molecules contained in said chemical 
adsorption solution and the surface of the substrate, thereby fixing one end 
of the surface active agent molecules to the surface of the substrate?* 
cleansing the substrate with an organic solvent and draining the surface by 

10 setting it upright at a predetermined direction, thereby preliminarily 
aligning the fixed molecules in the drainage direction; rubbing the surface; 
and positioning the first substrate having the first electrode group and a 
second substrate or the second substrate having a second electrode or an 
electrode group by setting the surfaces provided with the electrodes inside 

15 while maintaining a predetermined space, and fixing them by bonding, and 
injecting predetermined liquid crystal between the first and second 
substrates. 

87. The method of procuring a liquid crystal display device of claim 86, 
20 wherein after the step of aligning the rubbed and bonded surface active 
agent molecules in a specific direction while keeping a desired amount of tilt, 
the step of exposing a patterned mask laid on the polarizing plate is 
conducted to provide patterned plural sites different in aligning direction 
within the alignment film in the same surface. 

25 
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(57) ABSTRACT 

A liquid crystal alignment film comprising a molecule group with 
one end thereof chemically adsorbed on the surface of a substrate, wherein 
the molecule group contains molecules each having a linear carbon chain 
and at least part of the linear carbon chains are selectively polymerized, 
thus suppressing a panel having a large area and the substrate having a 
stepped portion from losing the uniformity of alignment. Since the liquid 
crystal is aligned without resort to any physical contact means such as 
rubbing, an increased area of the panel and the stepped portion on the 
surface of the substrate do not basically affect the uniformity of alignment 
of the liquid crystal. Since the liquid crystal alignment film is chemically 
adsorbed on the surface of the substrate, the film exhibits excellent 
properties in the durability of the film, such as exfoliation resistance. 
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FIGURE 1,2 

— substrate 

FIGURE 10 
5 iB[fij$cf¥jS — degree of alignment order 
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(57) Abstract 

A liquid crystal alignment film comprising a 
molecule group with one end thereof chemically 
adsorbed on the surface of a substrate, wherein the 
molecule group contains molecules each having a 
linear carbon chain and at least part of the linear 
carbon chains are selectively polymerized, thus 
suppressing the panel having a large area and the 
substrate surface having a stepped portion from 
losing the uniformity of alignment. Since the liquid 
crystals are aligned without resort to any physical 
contact means such as rubbing, an increased area 
of the panel and the stepped portion on the surface 
of the substrate do not basically affect the 
uniformity of alignment Since the liquid crystal 
alignment film is chemically adsorbed on the 
surface of the substrate, the film exhibits excellent 
properties in the durability of the film, such as 
resistance against peeling. 



5 




-O-Si-O-Si-O-Si-O-Si-O-Si-O- 
■ » • i i 

o o o o o 



AL 
AM 
AT 
AU 
A2 
B A 
BB 
BE 
B F 
BG 
B J 
B R 
BY 
C A 
C F 
CC 
CH 
C [ 
CM 
CN 
CU 
CY 

cz 

DE 
DK 
EE 
ES 



7"tr/WVy>y 




F \ 




L-R 




FR 




LS 




GA 


iitr.y 


LT 


y Fr-r 


GB 


LU 




GO 




LV 




GE 




MC 


*7* = 


GH 




MD 




GM 


#ytrr 


MC 




ON 




MK 




GW 








CR 




ML 


^y 


HR 


7 aTf'T 


MN 




HU 


^y#y- 


MR 


*-y ?^;r 


I D 


-f >K*->r 


MW 




I £ 


T^f/^7> K 


MX 




I L 




NE 




I S 


T4*7> K 


NL 




I T 




NO 




J P 


a* 


NZ 


* •>'— 7 y K 


KE 




P L 


if<— 7 y K 


KG 


*}V%-7.9 y 


PT 


h # /!✓ 


KP 


««« 


RO 




ICR 


tt{§ 


RU 




KZ 


P^r7xt y 


S D 


*-/y 


LC 


■fey N'/->r 


SE 




L I 


j t-?y>s.*-f y 


SG 




LK 


*!f * 7># 


S I 





sk ^.c-/r^r 

SL y—7 - U*-* 

SN "fr^^U 

SZ ^7*/7>K 

T D **-K 

TG r-=*- 

T J *y>**y 

TM r/U£>-*?V 

TR r/i^ 

TT f-y-yy K ■ h/<rf' 

UA 0974T 

UG ?#vy 

US 
U2 

YU a— rf— 7^7 



WO 98/54617 



PCT/JP98/02254 



38 ih ft 

> (TV) iB«^3>tri-^jB«tt^*«iS^*«S*ffl^fc5pffii3e 

«x.w\ ^^xa^cBJdms^^i-sjfKh^^^x^ (tft 
-c&nEisijgt ^®«SEifiiii3&«stifii-r« j; o icx<-v-£fri 

(TN) Mtfittif) ^SAU $ t>\ZZ<D'<%J\,®mmKMltfo* 



* l WO 98/54617 PCT/JP98/02254 

MU ijfii>)'<^7'f h*JK»Ltt*<b% TFT$»ft«st*7 
ffi&^SB^ 14 4 *7l"fg£©*ifiR'<*-«'"CH\ EIrIR© 

? tt e ft r * {£ ffl t » n 3? * ^ a b > m * ^ ^ * $ ^ «i £ ft # * £ i: 

10 Si^^-5B3fli3&<ifeofco 
fSDl©Has 

tflCx c©ttSEli3R*ffl^fc*aa*SISfc«ktf*©»Jt5ErjSfe*Jltt 

20 SEISJMT^oTs RJIW**>«>T*<. »B©E|Si:&|6Hi5 \£y>fK 
.kDiWWU «ft©^Uf-A hftffittElSlR©B»^iBi*^4 i -«:«! 
»-T«CiR:J:»>«!ll»Lg*ttSE|filR. Pi < C©«SE|S]R*SI! 
itt*^r*x c©tt&EfilR£ffl^fcttS£**Kfc«fctf<tffl 

R a c t -e * s o 

25 BufE3&l#g©gft£ii$-t£*:&> #&I5§©3& 1 ©»SE|6]Rtt* 
-«*<S«i©aBJ-fl:^«#S tifc^ »3&> & tt «»R-r* o T> c© 



2 



a WO 98/54617 PCT/JP98/02254 

t z m&mm k & n x t> e fa © js— tt © iki; * mm t z c t -c £ * 0 

^\ ftfi©Efl©J%H4K:ttS*tt£#»Ltt^o CO^E 

<fc«9 *>Jgl^^F*^*x co^offffit J:DI5Ea««!ft*«[ 
£L^ 0 c©»* L^«(c«ttitf. »l(3lffi<0^ U^T?*i»$nfc 

20 Mtfci4Da«*<«SEfii©»iijtt©fii±jwa»"r*o 

25 isi±M\ *aEifiiii©*ififcfc^T. ffij6©fl«*fcttna*36<H-^i^ 



3 



WO 98/54617 PCT/JP98/02254 

o «&EftKffl»fW1itttt£tf<£ &C|S|±1-S^t>T**o 

ffliEttSEifiiiii=*?^rH:x a^t****** 

SSE*l#B©lW*ari6-rsfcJ6v #§89!©»1 ©tt&EfflK©S 

* ft * * WSffittSiJtf^ t MfB^ffi ©fiTk&g <t * 

t> i9E»^*dt?»?S^&«:s*l!«:«lRWfc«*-#-*J:i:iiJ:0 
v tH£ia«tt«JMI©ii>fc < t fc-«lc»«c»1-*ElS|tt*ft#"rs 

c©jftSE|SH)l©8lii^iSfeK:J;titf, 5 try ^^ttoio-e, *® 

ttaK*f-r*Ei^a«H*©^***K:«k*ia«ittK*«i©Ei^©*fl: 

20 s ztK&ion ?©t*> /<**#*ffi8lftLTfe£i£©a8**< 

iaEj««EfiIil©«iS*Sfcfc^Ttts e*ttl**«©4>fc< i t>- 
£ C©fi«ttK*»©»«lcW"r4«S *-3E©ft§EK«!lfl3I 

m<D&mz*ttsm£&®m<tzti^ fts©Eisi©ffiK£ffl±$-frfc« 



4 



WO 98/54617 PCT/JP98/02254 

5 -5£©ftKfc*!l»U d©ia«[ttft*«l©il>tt< ifc-»**««KS 

£i&£liu!BfSg<fct> fciiJntfctiM^^^s fjEiiJn*fc{i^{-«J:f5 

tfcs ffiEttSEfil«|©«!iS^acK:*^Ttt^ 
IfiiBffittW^o-SS^frESffiKBSt * liotf* o d ©# 
?££tr#^f*fr&tt5lft*!£S3fc1-SIg©lffifcN S«©^E£W$ 

© ^® t re $ nr ^ <c ^ &$j © 'ims steaia^** mmmn 1 1 & 

20 ifflEttSEflI«©flUi:&ftfcfc^TM\ fMiTWSI 

gRifc^Tx Sfi©8iBfr&©W«J&*!l©fti0t> &9rJE©#filfclRltt"C 
-<h(r H«lttR*ii*ME3rS©^lSlCElfiI$#SCi:*<ff 
*L^ 0 c©*f* L^WCift^ M#££*II©<g££-&ftKEl°] 

25 t*<Tf§5. 

BuE«SElSll8i©S!iS^ftK:fc^Ttt^ S«©£iifr&©W« 



5 



WO 98/54617 



PCT/JP98/02254 



jg#J©Mt) £BJT£©#faKfattTfT-5 C <h(-«k I&Efifc#Ec*il 

ffl-TSi. $ &icfc||©Efl©tttt*fl±3tf»*ftfiEA*£* 5;: 
©fftlgttaia^ £ ^©RiEtt^ i ©RJSfcJWH"*' 6 



6 



WO 98/54617 



PCT/JP98/02254 



MiB&JIEftKoM^&Kfc^T^ M©iHnn©M<D*I 
is J: 0 1-0. 5/im-e*^l3fettS«^^LtI^t5 

£L<> SSIC^ c©3l£M£teWtl£#^7*f 1 U>aT?**C£jW9P 
*5l6i!8©»l©ftSEl^«!©«ji^*©8iJo«lJSfcJ±^ 



WO 98/54617 



PCT/JP98/02254 



QfDjjfatm&Lte^k o izmmt&tztb, jfcs©Eisi©isK*3 
iu (R*fcit£*5*?fcEii**»&©**&< a^t^ot 

3tt|S3-r**ffi©iJ>tt < £ fe-:£fcfcgEf3lK*J&fi5Lfc2tfc©*fi£* 
C ti 2 8c©*«fci*fS * ti, ffifEMtSElRlllfc «k »> ElSj^HJ^ tiT 
^£&ll£££fc-&M*SfiK£^'^ IflEJftiiElRliltt* 
*©£Snc<ffc¥R# L Kft=?m- y> *»KT? * c ©a? 

d©a*ttK*tt©^tt< 

©^— tt©{&T#WJ£ *u ^©EGJtt^&ff fc£flf$*ifc*>© itt 

o 

c©a«ttK*«i©**^w*«** < ---5 E ® ftK,:: * , * , * tl " c, ''* :: 
l^o «aK»-rsEinia*a**<ifii±-t-5* x fe»"?**o 

ti=u;t)ffiE*®jwag*<^RS*n> c©as*^tr«* 

fc«SEflll#JBJ£3*i'C^"t*>* 7 tfv^l;:J:»5ftilEl5lSI*S£L 

fc»^©i^tta^a5^fc^5«SEisi©^-tt©^t* < « I *'i** 1 * ^ 

*fc. t&EftS^^llfcfc^"^ fcSElRlK*<El6i:£iai©JSI«* 



8 



WO 98/54617 PCT/JP98/02254 

BuiHS&l #B©BW£8«-rsfc«K *£!«©# 2 ©ttgElRlK©S! 

5 -35ri^K#s-rsa«[©fii!3*jKfi6-rsc:«t*«F«it*o 

i%-tt©lKfc*ai«t-5Ci36<Tf**o !WEttllEftll©«i62FftK::l3 
10 1>TW\ £b!H©[!!18B©(ia<0. 01-0. 5 /unUS £ L<-> 

. «rE*ftE^«©ii!it>firi»iwfei>rtt. «stjWfc#R*# y v-jg-z? 

c © it? t L^mt stiffs imjtttttt mating a. 

15 «EttfiE|S|JRO««*3*lci3^T{i. fl;Sfcft*#y v -«*<««© 
X®t->D+t^^^LT^LTUSCi^»t L^o &HE|S) 
*©»iflfittfc b ic |£j±tf- 5 b T? * S o 

*5gW©»2©ftSE|SiK©!!ji^©SiJ©«fi6tt^ S«©S 

20 -&*AlT&VK*¥ftt£&&<D&&&&f&+ZX 

* ftft © fl-Cfl * «[R£S c £ ig £ * £ tr c £ * ®Wl t i- 6 o 
C©ftSEflW©S!i62riSK:«fctitfs 3l®©ftlH©/^ - fc?> 

© /-? *A, iz £ ^ T f> Wl H SE ft © ^— © H{t *< flPftJ $ ft fc ffcH E [SIM £ 



9 



WO 98/54617 PCT/JP98/02254 

%&*<9U&+&z tit-eft z a '**>i'rt < *ii!*ftLTfc&g© 

10 g#s R*«^ifE3*ttS«oaiB©iaEa*<#St-*^fili*l^-- 
# ft \z to ft 1- s m 3k £ J&$L t £ «k -5 1 c m E K * Mft « X g -e 2b * £ 

4*<»*li>o *fc. a*tt»«©affi©ciDfl©/<^->*iifrE»ai© 
Li^icfcnHfx -^©^isicKi^Eifiia«i**##^-«iiefi 

15 EfiK*S»s|sW»-il!Ji1-SCi:3&<-eS5o 

*fc* WE*SElfi|«t©KJt^*J-fc^Ttt> iiftttS}£©3l®©£i 
Bfl©IH«©fiisJ;Ot«$*<0. 0 1-0. 5*tmf*5Ci*<ff*L^ 

WEftSE|S|»lffl»ifi*ftKfc^Tttx J6#tt©IMBi£tt*!l#' 
20 ?££tr&&&g&©M«ft!ii£-fcK coSISttSJ^f^IiKft 

Sfc* l5E*SEfiI»l©»!Ji^jSlc*^Ttt> RMm&M£=?1fi> ft 

1 0 



WO 98/54617 



PCT/JP98/02254 



*E-#|fi|fcfa£LTl.*5C So ^©^©nflS&Gl'Ife.k 

0. 0 1~0. 5/(mT**5:i^*U»o CtlbO^Jfc 

#T?SSfc©T?&o-?\ ttfiElRl||lc#tifcElRia«!l^*(t4L»*t> 

©Tab-So 

aoQia^«p-^ac#sur^s*sEifiiRR*ffla3tettss©« 

** i« ^ m #t c j: t> m ib a eg a m © m m z m m - ft n k m s x s <t * # tr 

WEttilElS|»l*3feffla*tt*S©«!lfi^j5feCfe^Ttt^ 3$£«*< 
U h®JIg£rt:tiT? U ;KM1B7?*« C £ C© 

iLTli. ^7?f, fcfcLttiT4ffl^5:it»Tf*5A<> 

* fc. *^Bj©^^ge^)ig^ffl^^a«©S!{«i*©sij©«fi)c{i ■ 

. *iBJctl»©i!IiDaA<lSR-^afc#SLT^*ttaElfi|«IK*ffl3* 



WO 98/54617 PCT/JP98/02254 

5 «iisttiiEfiiiiiai*ffla*tt*«©iiit^ifei-*^t:ttx 

K£ 9 ay IB^®£x^>^tSC ;:©*?£ U^Jfcfc 

10 ijfBSM#g©@ift£iiJ&t M0l2OiS?S^IIi 
. /jfr£©R8H£&o<fc S*fl*-.5*ffi©£l>tt < t b—15te 

ttfiElnlMlK: J: *) Eftj&WJ * tiT ^ * ttfi i *£fc»fi**S»RHs 
ftrEMElRlKttN Milt^iW^ *#*#trlSfc*») 

fc: *> ^ T & © EfilttJ&t&flF I- $ *i fc t> © t <C S o 

E|S3K*<J&lfc$ftTV*T^ 7 t*>/{cJ; !^&||l^l^]!l£S¥i£Lfc^#£• 
© «fc 9 S ttSElSl © © lift Sniii^H 

tfcs 15£»S£jF8filw:fcl.*T{;U jfcgEfflil#Eln|#l«l©JSttS 



1 2 



WO 98/54617 PCT/JP98/022S4 

tits iE^ElSlil^^^lis iigx^;^-^Wt^tiI 

20 3 7»flSft**(-CF 3 ). yf-^aiC-CHg), tf-**(-CI-CB 2 K T 

>J;Ug(-CH=CH-\ (K*-tfe*©3*tt£) n 7x-;l/ 

g(-C fi H 5 ) N 7x^l/>S(-C 6 H 4 -), ^nf>Hf, 7^3 + ->»(-0R; 

1 3 



WO 98/5461 7 PCT/JP98/02254 

1 5mN/m~5 6 mN/m©Weifr3©ttfc*!lW LTfc < C 

5 ffiEftSEfilKfcfc^Ttt* a^**!***^©**^ i 

\z /<£ £ t> t? & £ o 
lUE3&2SB©BW£3fifc-t-Sfc«K #3gi!B©8 3©fcaEl6lil©»! 

10 «KfciBj£Lfc«*©aiB*ffi*©#filfc5 t>/t«Ili> R*« 
* fc tt * o +-9- I&E6HMI* * tt •> n *if >*S£fc© 

3 |c***^li-«K:ttil©^iEi*'^-*«»^* 1&teSi£:i,>tt< ^ 

is niiBfiitt»j^*a«*iaK:-is-efe^a3Et-*xgt«:#*> 
sua $ n» * mutt© s i^ B B B iW l & « «ssiiniffli*x 

20 < d 'ti^tSS. 

25 

1 4 



4 . 

WO 98/54617 PCT/JP98/02254 

tfcx fl3fcttSEftK©«it:&i£«w*5^TH\ RSMUfcttv'n*-* 
5 >*S&«©5|5iS£fctt-aBfcs 3 7 y-ffcftjRSC-CFgk yf-^SC-CHg) 
, h*^-;l/S(-CH=CH 2 ), 7 'J ;1/S(-CH=CH-) N 7-fe^b>S 
©3M*S£) . 7x~^»(-C g H 5 ) % 7x^l/>g(-C 6 H 4 -). 

fggB©7;HMl-S*<#* LV^o ) v/7yg(-CN) v 7 $ y S(-nh 2 ). 

s/;i/S(-cooH)fr&*fcr*i*4>tt< £ fc— o©w$S£^-?^s ^ £ 

o 

^Eft^-a-* c: £j&<ff* t^o * t.tdEfttti-'&tifci&iiEftil&ti 

tot* C i^lSi^T'Wo 
20 S &ciB*l(!*^tTR*LTt!IEElRl$tifc^ : F*3fa©^|S|KllE 

1 5 



WO 98/54617 PCT/JP98/022S4 

f&EttfiEftJK©M:£i*fc:fcH*TfcU #*&©£«*££ L 
iiifitt*!^*— «TfaSt«XS.©KfK* £&©S i 0£*£fcttR 

10 B!lfEm2#g©gltt£iiS$-f-£ A:i6. *%■$©£ 3 ©ftB&*£IIIi 
. £3MUfctt'>n+tf>|j§£«££;^ IJE&*il*fctt5'n*if>' 

LT2o©**|fi|$#S**3&<JBfifc*nMotjrE«tt«®^ia»ttettffi 
a«©*«l9*ffiCiS«*fcttfflj©*JR*^LTia«l=^«**iTfet) 

> jfta^«rE2o©*tifiai-«Bffi(ciiEEiRiii*^tri**nT^s c 

20 /*nfc2o©»«^ffifc^n^tlSuEttK*<ElRlRt LT«3tlT 

Us ck»9 n> h^x h©fi^ftfi£;*gB&&{K'?& 

*fc^ a9E«tS*^«litt> *«*ll©*ll*<^^->tt©E|nI^|nJ 

i&Eiftg£*gBfcU i*i?a-r**«W5Er©s««iB^^$ 

1 6 



WO 98/54617 PCT/JP98/02254 



ftT^S. ffirt7^»f (IPS) fiJ-fO&TfiXTKblitoKmRfZ 
Eft * * S II t . t»E* 1 ©Mi* £ * * S»10i*4*2fl)M 

©^flKMLfc^K^LTfiE^aFnfcSfifiettffl^©^** 



WO 98/54617 PCT/JP98/02254 

o 

tifE^sg* fc I* -> n >&£^©«*> * ^tt-«c»R© 

10 iu^, 

«fce>*«»U Kg©?!/*-;!' Hft«ttEflR©ffil?SiBx*d'*-*« 
d iicj; »J«!l»-rsCt*<-e*-5j«aEflit*i8lt-f SCi^-C 

15 

*fc. SirKfcSEieaffllKfc^Ttt. m^ll©^®^*^-^© 
"T*SI6*36<. 3 7yftR*«(-CF 3 )^ y^;bS(-CH 3 ), tf-^8(-CH 
=CH 2 ), 7U*S(-CH=CH-K T-fe^U>S (&fg-t£S©3S&£) . 

25 ^aK-OR^ttT^+AS*^^ 4 < 3 ©151807^+^ 

WIL^o ) . ">7/g(-CN). 7;;i(-NH 2 ), *®S(-0HX * 

1 8 



WO 98/5461 7 PCT/JP98/02254 

^**->»US(=C0). a;UsK**S(-C00-)Rtf **** Wbg(-C00H)fr 
1 5mN/m~ 5 6 m N /mOfflT'ffimofeKfflm L Tfc < C 

(c ft 5 ^ £ "tr * 5 o 

Itfcli-fv>T^-h->7 y mystify y%<DRmf£&MZ%^Z 

-So 



WO 98/54617 PCT/JP98/02254 

„ fc*^;l/S(-CH=CH 2 ). T U *»(-CH=CH-). 7-t?^U>S 
5 ©3fi*S&) . 7i-;l/S(-CgH 5 ). 7x-l/>l(-C 6 B 4 -), ^D^> 

$gffl©7;b*JUg#8 : £ L^o ) v ->77g(-CNK 7^/S(-NH 2 ) N 
*8?S(-0H) N *;l/^->»l/S(=C0) N #;U#*i/g(-C00-)*5«l;tf rt;!/* 

* s/;p» (-cooH)^&a«n«iJ>tt < £ k-o©w®g£^i; c <t 

o 

8&KiftftEflK©«it#ftfcfc^"rfci\ l?®g&£iJ#^£g«K 

ftfi©Efa#fl*J:*>^— So 

20 JKrtT/<^->tt©El^j6r|SJ©ll«:S*^*a»tt3ria:tf t*<&* 

h *>5 ^©f^Sfg&SiJ^ffl^ ftMI&Mi LT7K 

25 ^tt^*l0Wi^ffl^5ct^lFiLK <fct^R&©4>*£ 
i,*m$H 1 KiK©«SEftK££ftT?£Sfr&-efcSo 



20 



WO 98/54617 PCT/JP98/02254 

jtufElfS 2 §g©gW£itl&li-3 *5EW©*4©«fta*Mtt 

15 TlB«fcJBl*3*i"t*5!>> «a^Bu82 2 o©»fil1-S«SKluEElRi»l 

fea6T*l.*il*BffiEl6l*&*WU *ll©ElfiI*|filtt5 fcr^lcJ:*)^® 
3*U ttfio-ri/f-^ HftKttElSlll^Bl^aiSi^^^-iWflllt* 

2 1 



WO 98/54617 PCT/JP98/02254 

ft -0*5* ffirtx^fyf- (ips) ^^•/og^^^(cfcwstuc?ij^Rr 

18 ■ * n a* i ® mmm * w -r « * i © a & t k it &m © n 
5. **#jacLfcift* j**a*fci*s'n m^stmrnz 

10 5Igi, *«»3Wei!fe^»$ £K^M©£ftKg®££TT&tfJ!?£ 

K LTi3r5£©liaBt*«5ooffi«£fc-a: LTif@^t$IIi % MiB 
15 »i £*2©»S©lfflc^£©«S&aA**Xg*£fr££*1$*£ 
tJo CfflJ:5ttSfi;fr&fc.kft«x ^*4#ftK*ftft*:fcll^*^g ; & 

ffirE«S«*«ll©l!it^i*fc*5^Ttt. 5 fcT>/LTll&E*§£3ft 
C £ «fc*K ffi-ffirt©EfflRrtT?'**->tt©Effl;£ffl©Jltt*«a* 

25 HjB©«^<C8ft«H 



22 



WO 98/54617 PCT/JP98/02254 

B < t # ft m L fc IS * * "T El t? h £ o 

EI 3 (is *HBIW©*1 ©*aEflR©— ^tMB***"*"®"?*^ 
5 EI 4 {is *5BW©*1 ©»SE|S]R©— ^teJfcJBfcfctt** SfiittK 

EI 5 (i. #&ifl©» 1 ©&&B£fcII©i^;fr&©-^«^fctt* 
H6 lis *3&iH©» l ©«SE|fiiR<oiaiij&ife©^«^ISl-fe»t * 
fit Z KB £ m t ®t® ST- * * o 

ei 7 (is *«H©*#fflaiB*«©-£i6J&ttfc *j j* « aia^tttf * 

M 8 (is *^BBo^^ffl^B^S^©-^ife3gffilc # * flDflfcRtt s 
15 8iJ©#j££^i)-»r®ElT'&£o 

E3 9 (is #^Bj3©^ftffi^ra$©-^M*i£^^®S T "*' 5 ° 
HI 0(is *36W©»*fflaiHS«©-^tfi^«8®fi^^->©^: 

3 3 £Effl8cl?K©W#**'**BI"e**° 
gj 1 1 (is *56W©»l©ttSElRlil©«Jt^J*©-^*^* :::fe ^" 

Ell 2 (is *^H^©^l©^ B B B ElSH^*^^^tifc^BJS«©-^SS 
Ell 3 (is *||iia©mi©«S^^fi©-^ifiS8®*^ B r® B, " e 

25 Eii4(is *&m(o&2 0m&mfafe®mm%m<D-mimi&Ki3V 



23 



WO 98/54617 PCT/JP98/02254 

-5 o 

®0-e*3 o 

0 2 0 M\ *56W©IB 3 ©«flEfflK©«£:£»©— ^ffiJBffifc*^ 

02 3W\ *5SW®fB3©«[SE|fililo*l^ffio-^tfi^J8C*^ 
^noi/? >#$HHR©JBfi6*ftfctttB (£^*©7k#<h©KJ&iiu 

0 2 4 li> *f|B^©^3©^^ElS]^©MW^©-^te^B(c*>^ 
02 5ti> *56W©®3©«ESS'*«B©-Httl8fll*^1"»rBDBIl? 

25 02 7 (i. *56l8ffl»4©ttaElS3BI©«iS*j*©— ^MUKJISI-*''^ 



24 



WO 98/54617 PCT/JP98/02254 

5 B 3 0 \U #§fe"Ji©#4 ©ttSElSUII^ia* ti'fcaWXSo-Hift 

0 3 2ttx *^W©» 4 ©*SEflKo«S^feo--^*^«lt feti- 
sh * do 5/5 >m^?H©^R!c$ti^ttS (a»»+©*^i©Ri6«f 

io ) ^^-rgiT"*^o 

S3 3fcU *IS8i»©^f4©«aEfilK©S!lc^rJ*0— ll*»«8K*tf 
0 3 4 ti> *56IB©SI 4 ©tt6£^M©-£*»fc****fffiiHT? 

15 

*56W©»l©*fiElS]Ktt^ -«W£«©«iifcB5e3ttfcit«M* 

?iLTB, lt«ittK*«l©*JS*fctt— »Klx 3 7 »flslfc*K(-CF 3 ) 
20 x y *;i/g(-CH 3 X t*^;l/S(-Cfl=CH 2 ) N 7U;U«(-CH=CH-\ 

>S (K*-I?*©3SIS^) x 7 I -;H(-c 5 «^ 7x-i/>I(-c 

C H.-) S Aoy>S, 7A3*i/S(-08;Rli7^*;US*^-tx 
0 4 

*»l~3©KH©7^*Jl/»*<*f* LOo ) - *>7yg(-CNX 7$ 

yg(-NH 2 ) N Tk&KC-OH). *7;i/*'~;ug(=co\ * ;i/#* 5/g(-C00-) 

25 N *^#*i/^S(-C00H)*5 ck C^-T V 5/7*- b S (-NC0) & S tf ft S 

2 5 



WO 98/54617 PCT/JP98/02254 

(1) CH 3 (CH 2 ) p -CEC-CHC-(CH 2 ) q SiCl 3 

(2) CN(CH 2 ) p -CiC-CHC-(CH 2 ) q SiCl 3 
10 (3) (CH 3 ) 3 Si-CHC-(CH 2 ) r SiCl 3 

(4) CH 3 (CH 2 ) p -C=C-CHC-(CH 2 ) q Si(OCH 3 ) 3 

(5) CH 3 (CH 2 ) p -CHC-C=C-(CH 2 ) q Si(NCO) 3 

(6) (CHg) 3 Si-C=C- (CH 2 ) r Si (OCHg) 3 

fcrtfU p N qfcU 0JsLt©K»n? L< (±0-1 0©!S$[ 

15 T**So r 14 N 0&±©$llfc^&oTjf?jl; L< {±2-2 4©&& 

20 aMH^apfcrsci^T***) 

(7) CH 3 (CH 2 ) n SiCl 3 

(8) CH 3 (CB 2 ) p Si(CH 3 ) 2 (CH 2 ) q SiCl 3 

(9) CH o C00(CH o ) SiCl Q 

(10) C 6 H 5 (CH 2 ) n SiCl 3 
25 (11) CN(CH 2 ) n SiCl 3 

(12) Cl 3 Si(CH 2 ) s SiCl 3 

2 6 



WO 98/54617 



PCT/JP98/022S4 



(13) ci 3 si(ce 2 ) 2 (CF 2 ) t (CH 2 ) 2 sici 3 

(14) Ha(CH 2 ) u Si(OCH 3 ) 3 

(15) CH 3 (CH 2 ) n Si(NCO) 3 

(16) CH 3 (CH 2 ) p Si (CH 3 ) 2 (CHg) q Si (OCHg) 3 
5 (17) HOOC(CH 2 ) m Si(OCH 3 ) 3 

(18) H 2 H(CH 2 ) B Si(OCH 3 ) 3 

(19) CgH 5 (CH 2 ) n Si(NCO) 3 

(20) CN(CH 2 ) n Si(OC 2 H 5 ) 3 

10 , mttOJSLh©»»"?*^Tiff * L < 1*7-2 4©S»T?*»K nttO 
£l±©*«[1?*-»"Cff*L< 14 0 ~ 2 4©SttT?*»K stt01sl±©* 
^otlfl L < (43-2 4©SE»T?**K t tiOJ£l±©SD(-e*o 
tffi L< 14 1-1 0©SE&T?*So u 14 0El±© L 
< {41 - 2 4©$g&T'&£ 0 

15 S&lcJIttWfctt. Te£(21)~(45)K:**IMeffitt&#?*Stf* 

(21) Br(CH 2 ) g SiCl 3 

(22) CH 2 =CH(CH 2 ) n SiCl 3 

(23) CH 3 (CH 2 ) g -CO-(CH 2 ) 1() SiCl 3 
20 (24) CB 3 (CB 2 ) 5 -COO-(CH 2 ) 1() SiCl 3 

(25) CH 3 (CH 2 ) 8 -Si (CH 3 ) 2 -(CH 2 ) 1Q SiCl % 

(26) CH 3 (CH 2 ) 17 SiCl 3 

(27) CH 3 (CH 2 ) g Si (CH 3 ) 2 (CHg) g SiC 1 3 

(28) CH 3 C00(CH 2 ) 14 SiCl 3 
25 (29) C 6 H 5 (CH 2 ) g SiCl 3 

(30) CN(CH 2 ) 14 SiCl 3 



2 7 



WO 98/54617 PCT/JP98/02254 

(31) Cl 3 Si(CH 2 ) g SiCl 3 

(32) C 1 3 Si (CH 2 ) 2 (CF 2 ) 4 (CH 2 ) 2 SiC 1 3 

(33) Cl 3 Si(CH 2 ) 2 (CF 2 ) 6 (CH 2 ) 2 SiCl 3 

(34) CF 3 CF 2 (CF 2 ) ? (Cfl 2 ) 2 SiCl 3 

(35) (CF 3 ) 2 CHO(CB 2 ) 15 Si(CH 3 ) 2 Cl 

(36) CF 3 CF 2 (CH 2 ) 2 Si(CH 3 ) 2 (CH 2 ) 15 SiCl 3 

(37) CF 3 (CF 2 ) 4 (CH 2 ) 2 Si(CH 3 ) 2 (CH 2 ) g SiCl 3 

(38) CF 3 (CF 2 ) 7 (CH 2 ) 2 Si(CH 3 ) 2 (CH 2 ) g SiCl 3 

(39) CF 3 COO(CH 2 ) 15 SiCH 3 Cl 2 

(40) CF 3 (CF 2 ) 5 (CH 2 ) 2 SiCl 3 

(41) CH 3 CH 2 C*HCH 3 CH 2 OCO(CH 2 ) 1() SiCl 3 

(42) CH 3 CH 2 C*HCH 3 CH 2 OCOCgH 4 OCOCgH 4 0(CH 2 ) 5 SiCl 3 

(43) CI Si (CH 3 ) 2 OSi (CHg) 2 OSi (CHg) 2 <)Si (Cflg) 2 C 1 

(44) Cl 3 SiOSi(CH 3 ) 2 OSi(CH 3 ) 2 OSi(CB 3 ) 2 OSi(CH 3 ) 2 OSiCl 3 

(45) CH 3 (CH 2 ) g -CHC-C=C-(CH 2 ) 4 SiCl 3 

ttfc. ^(7)-(45)K*LfclliBfitt»J4J : F«:« 1 ffl-i-*»^Cl4> £( 



28 



WO 98/54617 



PCT/JP98/02254 



# LTi^WttWi^'t'OM <t *<RE«KiS U 0 2 © * 
15 9 i: Wttl WS^l- '> D + * >i^r*^ t ti^t 5» 

20 B3M\ 5£(1) 7?**n*J:^tt^7-bf-l>>* (a) £#frS8£# 



29 



WO 98/54617 PCT/JP98/02254 

fllfcU #*£$$©&#)>)©# ft (*&3l±tf#fi 5 £i£|S] £©#[*]) 

f*#1-^fcJK6K:ft*5Efl«ia:&*1§"LT:fcDs *56Wtt^ :©<t9 
5 ttttSElSBI#W*SE|i3SiH**3 t»{CfS]±^-a-S *>©-?&£ <bl^9 

10 fc<k9l^ S?T*f-l^>* (a) *<S^lc#an*^tT#U '^T^f-l/ 
> (b) ftl^S *>©T-*<5 0 ^7-bf-l/>S®fi^lwJ:»)BfittK*fi 

a»c3Et-rsEi&ia«s**isi±**'5fc»KW»tefefflt«*o 

li, H6fc*Lfc«fc'3l:^ S«£iS#»it:fr|S|£¥fT 
^ i±tf setoff* BI3-l=^Lfc^Wtt. H6lw* 

25 O^rScttBI^Lfc^rtetlB&ns t>©T?titt < . &i&£M*£ <^:*©^ft ; £• 
-£M^g&SBK^£ttttT^-:&ftK#7RmM^ 

30 



WO 98/54617 



PCT/JP98/02254 



©*JW*<ff*L<. 7 JUKI'S* 7*flllfc**. fa** 

ti*&1t&&1RlU 0. 0 1-0. 5m 

«k 9 ffiKOIH/** - >*»ilKls^"*-* C £ K J: *3 . ftfiett 

C © J: -5 Ltl*t -Sii^tc li, #7K2&©#7k2&i§ 

15 »©fc«r Baffle** LTx *B©CiGa©#g;frffl#iB£Lttt.*J:$K:» 

-^7^ Av/'J^r- h#7X, £$^f7X, ;f?U bffim, 7 

^J«<£^I^5:i^^o a7fettS«©»ii©iaBflH\ 0>J 
20 H&flH. 7* 'J;Wii'«W«ISi t 

25 lc N $ ; & tc, ffc^x 7 f ^7X7X,f> ?\ »/ * ^ * > 

/4-i'ia ?)SI^i'>f fiEa©^©7X<^ M££*§ 

3 1 



WO 98/54617 PCT/JP98/02254 

2 1 t Z.<DM®*mWltZ by >>Jxfi -»2 2 ifcMKUBfifcLfc* 
5 - l©g«2 3 m2©«@2 5<h*5-7^;U^-Sf24 ttfitZ 

S*2©S«2 6 »1©*«S2 ltzl*t*7-7 4 )\<*-&2 4 
■£j&<*f|6|-r*«fc'5fcEKU x^-lf-2 8*«fctfft»»l2 '9T?HffiL 
fct>©-e*6 0 :n6»l©i«2 3fc«fctf!g2©gflK2 6©#|Srr* 

io fc««*£frMii;:M\ #S8iyi©mi©fcSEfl§S2 7#3£iiR3ftTi.> 
*o c©&aEl«JM2 7M\ BifK*tttt£**$«J:$fc«&3tU 

3 0 &J13 OKEfiltt^ft^L-C^So S«2 3^ 
2 6 £J;D;|ij£$ftS><**©PiHl»;:tt* c ©'<**$&*&&<): ate 
M7fc®3 1> 3 2 3&<Ell**iT^So C©<k 9{-«fiJc$tifcx/<'rx© 

15 mi ©&Kftfr&'*y y 3 3**£ffiKJBSt$*itt*<^ ^f*® 

;oi?4^^III^ «SEIr1IBI2 7©Efil^fi^ 7f^ 
o J; 5 tt«i(Ni(lMI#Bl I: J; t) W» * n 5 fc©Tti£<. MSB© J; 3 

oTs a®ais*©#tt^*ffi*<kJ-«fcsJS*wttjftflEfii©^— -fk 

#§&gi©SS2©«BE|S|flM:x I3fc^^t:lgja!)fll!ll«$n 
fctltfc^o c©i9tt«SElSlK©JS^t LT(±s JiftteTOS-if 

7fc*ttx fts^ #$M?tt£ft&>©#?«ii©£ft#£i;st>©*ffl 



32 



WO 98/54617 PCT/JP98/022S4 

ff^ftSo UttWfctt* #»W©*l©ttBEftit©]&»iLT«*L 

15 LfcWlTiSMlifi^o 

c ©<t 9 tzRmm&mz&mLfcm&K&^Ttt* xmwvm i ©& 

**i;:J: «„ C©BftK«fcsa££S«©j?r5£©«« 

:©iii*iijffltntfx -£©#flfc#s**ii»©fliH£*«aififc 

?u^^T?S9»snfcg«ffittt>©T*-t). -ftsc^-rsEisia*!!** 

ft ± £ if -5 W #J © t ft Z o 

~o. 5 /tm©<s*j«fccfa!$«-w-r«ig»©**<si»Mc5pfi L K^jsg$n 



33 



WO 98/54617 PCT/JP98/02254 

isiht'* 5 c ta^nix #M©m i ©js^^^R tuMW^TO© 

10 «iS*WtS *>©-efc£ 0 C©ttS£*Mlc*>V>Ttts ftfiEffiKl 
2 7©flB!JfcU "7 tf>^©ck9&'l§M£tt&M^fc£«J?fc$ftS©^ 

15 4&iH©lfl3©ttSEln]&tt> *&frt»ti**«lSSnioil}EI 

25 *fc % s«£fcu ^iBK:#^-r«a*tts©»[*ii*$-fr««ia*ii 



34 



WO 98/54617 PCT/JP98/02254 

Cl 4 ©^ du v- 'J ^g^Hfcl&g^Jo U T!SS;(46)fc<fctf/i; fcli(47) 
(46) 

C 1 

I 

C 1 - S i - 0 -Mfa 
C 1 

(47) 

C 1 

C 1 - S i - o -mwi 

o-mu 

IHS;(48)*>«J;OV*^ii(49){c^-r«t 9ic. Affile *S£&££&#tMt 
(48) 

OH 
I 

HO- S i - 
OH 

(49) 

OH 

I 

ho- s i -o-mw. 
I 

0-M 



WO 98/54617 



PCT/JP98/02254 



Cl 4 . Cl-(SiCl 2 0) 2 -SiCl 3 , SiHClg. SiH 2 Cl r Cl-tfiCl^-SiClg (n 

5 *©-«ir*«©*ifix*^-*«!lfflL»SlrllS*^tf^iBStt«l 

14, fliUi\ 3 7 7<tKiI (-CF 3 ) > yf-^S (-CHg) . h*- 
Jim (~CH=CH 2 ) > T'J^S (-CH = CH-) . 7-fef"U>S 
3 S8£> . 7x-M C- C 6 H 5 ) - 7i "^ S ( 

10 -C^H,-) , ^o^>B^ T>»U3 + i/g (-OR ; RttT;!/*^* 

6 4 

^^t> i < KR*ttl~3©l6IB©7A/*;U£*<f8F* Ll^ ) . ->7 
;i(-CN),7;;S(-NH 2 ), *&£ (-OH) . 

jim (=co) . (-coo-) Rtfrt^tf+wug (- 

COOH) frS>aH*ft<5a>tt< <h t-ootiI*5t>li**jStt*S 

15 -f.5gHb7kfggj&^tf £ft*o 

5 7*3*5/2/5 >S*JctOV V 2/7*- h 2/5 &»tfft 

% -|T|g£D-.|ftS;(50)-(57)^^$ft5'fb^^l3!) < ^tf bftSo 

(50) Ha(CH 2 ) n SiCl 3 (Halitt*. MM, 3*m, *o*t?©/MJ**> 
gn^t> nliltfl~2 4i^L^) 

(51) CH 3 (CH 2 ) n SiCl 3 (nttS8"C0~2 4#ff* Ll.*o ) 

25 (52) CH 3 (CH 2 ) p Si(CH 3 ) 2 (CH 2 ) q SiCl 3 (p, qtt»»T?0~l 0#ff* 

) 

3 6 



WO 98/54617 PCT/JP98/02254 

(53) CH 3 COO(CH 2 ) m SiCl 3 (m M&T- 7 ~ 2 4 t<&t L^o ) 

(54) CgH 5 (CH 2 ) n SiCl 3 (ntt»»T?0~2 4f)<&* U*„ ) 

(55) CN(CH 2 ) n SiCl 3 (nttS»TC0~2 4^ff* LW ) 

(56) Cl 3 Si(CH 2 ) n SiCl 3 (nttt»T?3~2 4^*U. ) 

5 (57) Cl 3 Si(CH 2 ) 2 (CF 2 ) n (CH 2 ) 2 SiCl 3 (nlig£fcTl~l 0#SF* 

o ) 

* Jg T d> =j * •> *> y £ fc tt v 5/ 7 * - h * U -frK* * R 
*ft*£frf*iBffitt*l£ TfE©-$S(58)~(64)T**£*i*>rfc 

10 (58) Ha(CH 2 ) n Si(OCH 3 ) 3 (Haim JUIU 3 *o a 
yvlTFfcfcU ntt»»T?l~2 4*<ffilW) 

(59) CH 3 (CH 2 ) n Si(NCO) 3 (nttI»tO-2 4^ffHK ) 

(60) CH 3 (CH 2 ) p Si(CH 3 ) 2 (CH 2 ) q Si(OCH 3 ) 3 (p, q tt«E»T?0-10*«ff * 

L^o ) 

15 (61) HOOC(CH 2 ) m Si(OCH 3 ) 3 (mttlEftT? 7-24 tfflF* L W ) 

(62) H 2 N(CH 2 ) m Si(OCH 3 ) 3 (m{i&8c-?7~2 4^tL^o ) 

(63) CgH 5 (CH 2 ) n Si(NCO) 3 (n tt*»Tf 0 ~ 2 4 * LV^ Q ) 

(64) CN(CH 2 ) n Si(OC 2 H 5 ) 3 (nliK»reO~2 4#ff* LO. ) 

20 |5 0 

(65) Br(CH 2 ) g SiCl 3 

(66) CH 2 =CH(CH 2 ) 17 SiCl 3 

(67) CH 3 (CH 2 ) g -CO-(CH 2 ) 10 SiCl 3 

(68) CH 3 (CH 2 ) 5 -COO-(CH 2 ) 1() SiCl 3 

25 (69) CH 3 (CH 2 ) g -Si(CH 3 ) 2 -(CH 2 ) 10 SiCl 3 
(70) CH 3 (CH 2 ) 1? SiCl 3 



3 7 



WO 98/5461 7 PCT/JP98/022S4 



(71) 


CH 3 (CH 2 ) 5 Si(CH 3 ) 2 (CH 2 ) g SiCl 3 


(72) 


CH 3 COO(CH 2 ) 14 SiCl 3 


(73) 


C 6 H 5 (CH 2 ) 8 SiCl 3 


(74) 


CN(CH 2 ) 14 SiCl 3 


(75) 


Cl 3 Si(CH 2 ) g SiCl 3 


(76) 


Cl 3 Si(CH 2 ) 2 (CF 2 ) 4 (CH 2 ) 2 SiCl 3 


(77) 


CI 3 Si (CH 2 ) 2 (CF 2 ) g (CH 2 ) 2 SiC 1 3 


(78) 


CF 3 CF 2 (CF 2 ) ? (CH 2 ) 2 SiCl 3 


(79) 


(CF 3 ) 2 CHO(CH 2 ) 15 Si(CH 3 ) 2 Cl 


(80) 


CF 3 CF 2 (CH 2 ) 2 Si (CH 3 ) 2 (CH 2 ) 15 SiCl 3 


(81) 


CF 3 (CF 2 ) 4 (CH 2 ) 2 Si (CH 3 ) 2 (CH 2 ) gSiClg 


(82) 


CF 3 (CF 2 ) ? (CH 2 ) 2 Si (CH 3 ) 2 (CH 2 ) gSiC 1 3 


(83) 


CF 3 COO(CH 2 ) 15 SiCH 3 Cl 2 


(84) 


CF 3 (CF 2 ) 5 (ce 2 ) 2 sici 3 


(85) 


CH 3 CH 2 C*HCH 3 CH 2 OCO(CH 2 ) 1() SiCl ( C *Ulfr¥1£ 


to ) 



(86) CH 3 CH 2 C*HCH 3 CH 2 OCOC 6 H 4 OCOC g H 4 0 (CHg) g SiCl g ( C * ft^Stt <D * 
&6tm$:*to ) 

(87) CH 3 (CH 2 ) g -CHC-(CH 2 ) 1() SiCl 3 

(88) CH 3 (CH 2 ) g -C=C-CHC-(CH 2 ) 1() SiCl 3 

(89) CI Si (CHg) 2 0Si (CHg) 2 0Si (CHg) 2 0Si (CHg) gCl 

(90) Cl 3 SiOSi(CH 3 ) 2 OSi(CH 3 ) 2 OSi(CH 3 ) 2 OSi(CH 3 ) 2 OSiCl 3 



38 



WO 98/54617 



PCT/JP98/02254 



13 fctt£»El&J&<£ t TTfBiS (91) ^^-T «t ^ tt a * * > »^ <t *> 
(91) 

C 1 

H 3 C- (CH 2 ) n -s[i-0-M 

C 1 



WO 98/54617 



PCT/JP98/02254 



(92) 

I 

0 

H„C - (CH, ) - S i -0-£fi 

o 

5 I 

25 ffltiCi^t^So #tCfSlJ|5g£tl* fcO-etttt^*^ HftlftjCti, n 

40 



WO 98/54617 



PCT/JP98/022S4 



lc£g£tf*Ui\ «*©#?*>< 2 TjlSjKft^TL* 

3t«^fifaT«*-r*XS*tt»[lHl?f 9^«5a^'T'^ CCD J; 
9ti^j*KJ:ntf* £t>&T^fi^°*->)|*fcEftM©MftS*# 

fi!cL^mi©««2 2 3 is ^20SI2 2 5 i*7-7^^-g2 
2 4 i^rW^-5m2©S^2 2 6 l£l©*SS*2 2 1fit*t^7 

-7^^-Sf2 2 4 t&Mfo+Z* x^-*-2 2 8 £ 

<fctf&«#J2 2 9-eHJtLfcfe©T?*<5o C ftblfl 1 ©S& 2 2 3fc«fc 
^2®ig2 2 6©St|fi|f5aiSK:*Jtf $JR 

gEftB2 2 7#«jfc$ftTHSo C©^ B ^geiSj/g2 2 7fis MESS 
tt£**-5«fc'5fcJBJi&£*U i B B B 2 3 0 "C^So ££ 
2 2 3s 2 2 6 tc «fc D«fiR$ns><*;l/©flifflK:M\ ©/<*JU£tll5* 
£tr«fc 5 lcfi*fi2 3 U 2 3 2*<Efi$tiT^5 0 C© J; 9 
tifc-r^V X©3£1 ©g««jfr»&'<y ^7-fh 2 3 3^£ffi^M£ft 



WO 98/54617 PCT/JP98/02254 

a © # |pj <c * n s o 

5 ElRlilOBgMiSi^^^-JwJlOiWfilSFtlTV^o 

Ct^tiitSo &3©JfcSElS|Rfcfc^TttttSE|Slit*' 
#&^S*BI£^ifrrsig©Bii©£*£ffifcttL-C7 h*>^A<^J£$ 

£4©ttilEffllRti\ 7t>/II4(j!^^ *56W©*30«ftE 

15 . iftSEiailS«r«J56-r5*r»i Ulix fcttfn 

HylHj^*^* fc I* > a + -9- >|££lj£©*isi£> 6 ^ tt—g&Kttlll 
©&ffii*;U4*-£*!l»*-SWi6a£*J>tt < t fe— o^T?l^5 5/5 > 

25 SO^M^ *#fflW«*ii©«Eisa»)^|Sl^El^LT^So 2l4©8igE 



4 2 



WO 98/54617 PCT/JP98/02254 

5 g3 4iis # arc ©as 4© «a*^«ii©-^i6»ffl**Lfc *><o-e 

fe5o c©fcHft*£iSI;U *SEfiI)i3 2 7*<*5SW©*4©tt*E 
ART?**;: ##6lB©3^©«£a£*«fi£^*Wfc^*® 
mil**!-*-* k©T"fc&o :©i9«iB B 8^St^' l ^l^ 
3 0©Eft#lSH*7 t*>^©;£|S]KKft]ftl£tlT^£o &H3 3 

io o©7u^ h nmtfoikmftm® ^v®®* n 

(Hffifl i ) 

15 tZo 

2©^ffil 1£::©T? U^SJ:«3 *>«K* < ?S^*"' o 3 (Ittll 
gl6~20jttnu ^;©S£ 3 mm) tc«fc *9 ^ JPLii*0. 4 mm, X 

ti^*feO. 0 1-0. 5/imOSIt*oto CC^IcLtWL 
fcSBJJttB&fflTX^C&Elw*^?-* ^^tttS ; ZL I 4 

7 9 2) £^*)o#fc£ 5 fcTV ^ £ |S] tU & II ^' Eft U 
25 £©fl[HiBj&<ifcgE|S|flFffl C i*<«MB"e£fco 

S&<t LTT * U ;MRnftx.T# MR*J8^n & 



4 3 



WO 98/54617 PCT/JP98/02254 

E£Wtso. oi~o. 5 ^©^©BS^-^fti-ffl^ftiMtf 

<!: Eft L fro fco 

15 &|r^iS*nfco c©«©t§fcJ;tf#i£li1SteO. 001-0. OU 
m (l~10nm) -?*ofc 0 - ©XS^ffiKfljK*^*- ? * &H£^ 
0 o ttT*fc*<«fitt ^ f > T^ft * I* & KEfa* ^ ©*T?* ^ 

20 &T©£ifcfllfc*$*#B'*'** t l-ZMLtzMlt&MfoZ 

l/^XhHTPDUR-P-14 (JgjRlcHfcllittai) £0. 5 fim 
25 hftil 6©£ffi£. 0. 4 iKm«loeil^^->*^*5 cmfl© 



44 



WO 98/54617 PCT/JP98/02254 

yZf' T> K • U b°- (1 0 Om J /cm 2 ) £*i»)igLT^fc 

£t>tt£fTo*: 0 ^<DgU Sf SNM D 3 (i«MIiitl!) K<£!9 
S&U ^7jclcJ:«9 'J >XLfc<!:C5> ^ 9 L rt: <fc ? <»\ ftKftL 
5 TlelJT^fflOfc-SdlDflT^oTO. 4 ^miflcDiff (tUt>*>^ 1250 

JltttU; Z L I 4 7 9 2) £^t>o#£ - > 

©S&K&oT^ft^K&JI^&lnJtSC <!: ASSIST- tfco MiTifcfc^ 

> TO©fll££ifi<9igU 01 0 K7*L*:i£JJI 0 1 OfrZWZ 

Wti&tzz tiimmT-bionmmzxifzboT'&^izo us, mi o 

VAT<D®ftte^'<9-y*fcfctz>iz)6(omitmitmt lt. KrFx 
25 -et>*#s-et>«*>ttv*o 

4 5 



WO 98/54617 PCT/JP98/022S4 

5 lifco 

.fc-Sfcfi&U C ©fi^«I*< 1 11«IK(0IK i 4 « i ^ 

(93) CH 3 (CH 2 ) 8 -C=C-CHC-(CH 2 ) 4 SiCl 3 

T'&MJ:*)3l£±tf. :©ttM«Hfco co-aoxgtccfcf) 

BggttS!l43J;C;CH 3 SiCl 3 lc^*nS * n n 1/7 >Si> ^7XSM 

4 6 



WO 98/5461 7 PCT/JP98/022S4 

i£l^<iE5t{-{iii^L^^«fc9{c. S&KiS&EgU 3 6 5 nm©i 
ftU (UV3t8) i;J:f) 2 0 0mJ/cm 2 ©^ST-g^LT, buIH5 

co<t9i:L TM^titWM* A F M (K^ia* jfeSSfc 

iSjl^rtnH^O. 0 1-0. S/zmt^oT^U^Mi^^ftSfl 

/wo 

<£-£fc>-£-^ 7 l/4/E|fiI^* ck ?i:2 0 ft m¥ + » 7©$f|-fe 

20 ^*»*StT^ flaE*v***ttS*&ALTEft#tS*WBLfco ft 
ALfcfcBa^tt* S«lc^LT^Uf-^hft^J7 3° T% it^Wim 
£ tifc MsB^^ 1 BS© ^ t* > //^ * - > left o T (iff Eft L T vfc 0 

^M©^x^^HulHS3feffl©^x^ tcS^TSpfe-r^X^^^ 

25 «©&HE[S]$£ T^f" HV ^ >El«lffl©ElSlBI) fcftli!-*- 

47 



WO 98/54617 



PCT/JP98/02254 



(HWJ4) 

« © $ n. £ isi m z nm. l fc 0 

o *©SU MIBSSl £&2©*«l£lfflKTNftB*&.ALfcflU 
{I^£ffl^T£*© h5>>>;**£E»*3;:<!:T?fcfl]A©#|n|i;:0M* 

15 <£:^^T-^^o 

ft€ftli&E»ii*E|S|lB!£ LTJfci&LT£< iTNlO^g^g^ 

20 40 n©fta*js*itKt>afflDft6"T?*-3fco 

(IUfi«5) 

25 >©#|S]£^;iT2lE]fT 9 |Hj— ©f^ft"?'* * - > $ K 12 fa # ft © M 

48 



WO 98/54617 



PCT/JP98/02254 



(H«J6) 

-X) ^ITO. 1 0m©JS*©lftlll£JBfi£Lfco *©&. 014 

10 U 3 6 5 nmOlMl 0 7{cj;«9s ^^XSSI 0 1±©*§I1 0 
4^5 0 0 mJ/cm 2 T«i»*Lfc. £ £Ks ^ffi©SI&ft> V 
>x«4l8^tSl 'J M9tm-?x? 1 5©^**'<*- 

LXftf&istititf U S K«I1 0 4 ' ©Xffiifcttx ffittol^C? 

. 8 0m (&ft8B0flg|5©ti<h LTt±&0. 4 jk m) X~& «5 . «3 titt 0 
. 0 5 nmXh^ *:<> 

COMTEK *ftS*&#*S£* ftStt^°^->*w»o 

K2 0 //m^t * ^OftB-fe^HfelB*:*):"^ WiB^^f v ?ftH£&A 

49 



WO 98/54617 



PCT/JP98/02254 



£138! 1 1 3 c t W £ & C £ ^JSIS $ ftfco 

10 »J©ftgEfgSS£JBfiSLfco 

*HMIU <k<?5fe#l8iSML^o fclc. ^xD-ji,-Arti:fcUT, TIB 
flS^*(94)fc«fc t)**ns i>5 >&nm?£®iMt. CHjSiClg Jfc 
T-l : 2 £tt<5 .kSfca^U C ©»£«!*< lMKS«©*Ki:tt.5 
15 «fc9fc#*3R©»«K:*^tT<b^R«M[i Lfco c©££©#tK^© 

(94) CH 3 (CH 2 ) g -CHC-C=C-(CH 2 ) 4 SiCl 3 

25 

ft £ N mf tan 6 -eft S! L fc m g E ft K £ ffl ^ T &n 5 s x 

50 



WO 98/54617 PCT/JP98/02254 

«fc 1 ©«@n <t a* a -r a x o izmm i tz * v - 7 < ;u 9 -m t n 

TX ^_-»j-_ ig^^SJT^) 9 KB£ L*: 

o *©&. HufEmi t»2©SS^I9iHTNttS ; Z L I 

10 4 7 9 2) ^ftALfct> ffifciRtffl^&fc-frT^S^^JSLfco 

{g-if£ffl^-c&*© h7> : Jx?ZmW}tZ> C iT?^WA©^|Sj{cl|ili^> 
Si&T*££o *HJ£CT©^^{±> TNM©/S^^^^gJ^^©*t 

iS|-r*«S^iT-^©S«S®»-^*tir^s IPS >7u->x 

20 



25 

5 1 



>©#|S|££-x.T2lHtfT 9 tx |H|-ii^rtT^ 0 ^- >ttl-S2|S]^[nJ©^ 



WO 98/54617 PCT/JP98/02254 

cmmmi o) 

1 /*m©J¥*T*S i 0 2 ©»«j»*^JaLfc»tD«l«Yb tfco * 
5lf>^**ffl^T N WL&&mZQ. 3 mm, X fcT- K 8 0 m/#T' 

^M-r^sefSi^iS]{cisj^T7 t*>^*?T -we ««S£©s® 

i >£#®/Ste3«J (J^Tn ^itft^ifel^o ) . CH 

3 (CH 2 ) 14 SiCl 3 <!:NC(CH 2 ) 14 SiCl 3 (*;UjfC 1 : ltilALt|Ufc) 

C©«fc9(;:LTiiS!{£ftfc«£!S&;*i§&2 0 2 i U C ©&:**§?£ 2 

0 2©*K, IE*»fflSl* (ffi*tSK3 O^IsTF) -eHUI2S^2 0 1^ 

immmmmm (i*LTfegw ) t/c chi 7) „ ^©m. 

* 6 51 §±tf £ < fifc* L fc a-A 
*1>->2 0 3T?*#LfcflL (ttftJ&IfrlSl) fc&Tfc 

01 8) o £l±©-a®IlT, ME? on v/5 y%RWm&Me>S i 

5S (95)Rtf(96)©fg£*<£l£Sft;fco S&tex £m4»©*#£KJ6L 

TiS (97)Rtf(98) ©fe£a&<£lifc$*ifc„ 

C95) 

c 1 

I 

H 3 C- (CH 2 ) H -Si -0-*« 

c 1 

52 



WO 98/54617 



PCT/JP98/022S4 



(96) 



C 1 



N = C- (CH 2 ) 14 -S i -0-S« 

C 1 



(97) 



10 



H 3 C 



(CH 2 ) H - 



0 
I 

S i 
I 

0 
I 



(98) 



15 



N = C 



(CH 2 ) H - 



0 
I 

S i 

I 

O 



o-mm 



25 /«£^^?S^Jf5^|S]) i:E|S]LTl^o 



53 



WO 98/54617 PCT/JP98/02254 

^ a t;^fl*4tx *ttfi (Z L I 4 7 9 2 ; pOl^ftt!*) 

KJ;»)¥«Effl3ftfe«*a?»wftoTEfl*S©T?tttt< 5 

(Ell 9) o 

CH 3 (CH 2 ) 14 SiCl 3 tNC(CH 2 ) 14 SiCl 3 ©ffl^^ 1 : 0-0 : 1 
(&£ L < fi 10: 1-1:50) EsMffii* 
10 2 0mN/m*>b 2 9 m N /m K'gfb U ElWlSMi^ k* > :/;fr|SjTftJ 
»**iy!:ttJ8-eN mo*n^tf/Uf-^hft©*9 0* ^b4 0' ©$S 

ffijgttak fcaifs CF 3 (CF 2 ) 5 (CH 2 ) 2 SiCl 3 «r^JnLTft< is ES^S 

25 ^*fiS^-(CH 2 ) 14 -<!:Pi:s$©*>7 >2^ffi-/g{£#J£ffl^*:^ 

s &*«g©S3*<£tt* («^.(i> ~(CH 2 ) n -; nlilfr&3 0©«ffl 



54 



WO 98/54617 PCT/JP98/022S4 

3l±tf#|S]2 0 5 £S»fiX*-S#fi]»cfl3fc3Ffil2 1 3&ft< <fc 9 Kil 
5 (HNP'B) 2 0 6 a-f Kftl!!) Srg&KfifcT* y M 

. 5 0 0W©Si^ff7Km*T© 3 6 5 nm ( i B) ©3fe2 0 7 
i®&3. 6mW/c m 2 ) 9 5 0 m J MM I tz (H 2 0 ) „ 

$t>(C C©:|*B©^&2ft£ffll^ tt^MHriWH^ 9 

10 * «y 7*©&H-fe^£ffi*:&T. ^7f7^f B (Z L I 4 7 9 2 ; t )l> 
[SlLTV^o 

.MS&KfctfS. ituISft^iRem^li 2 0 4* *©Mlfcl£ 

A:^ieip3^|a]2 0 8 itmW t)J3fotttgtei0ffi%;J5ft2 1 3ili(J 

8ltfSnTl»fc (EI 2 1 *itf2 2) o tt*>\ 0*. 2 0 9 ttSKJlttS 

20 ±K05«0!I"CI;U Bf*lcffl^S*i LTSiSETMSfl"© i 

*« 3 6 5 nmC*Wfc^ fflH&Ht©3fc©Rtt*£^ I; T> K 

r Fx+->7l/-f-T'f btlS 2 4 8 nm®^ 4 3 6 n m N 40 
5 nm. 2 5 4 n m©3fe£JII^S C £ feRTUlT?* fco 2 4 8 n 

m^2 5 4 nm®ftlt*Uft(D®nizW.Wi*nM^K&&fa®W™fr 
25 ofco 



55 



WO 98/54617 PCT/JP98/02254 

(HWJ 1 1 ) 

5 mmLtzo tit. «««Bnii^*nfc*»aii^oD*>y^**tt» 

fi^fr-ft^©* a p •> 'J ;US*<K4SilRJ6Lfco ££IC7K<t 
? n U )\<it&mt LTS i C 1 4 

io ^ n -***>fc»frLTR*tt*tt«{u ft*»iaa*-e2«*s* 

tTK5£ (99) (100) jWBj*3*U ^°^^?2 

i i*<-s i o-ft^*^L"ra«^®twHS*ns 0 

(99) 

15 Cl 

I 

C 1 -S i -0 -£« 
I 

C 1 



20 (100) 

C 1 

I 

c i - s i - o -mm 
i 

o-mu 

25 



5 6 



WO 98/54617 PCT/JP98/02254 



LTl*fcl>&#© S i C 1 4 ^liBiigftS (02 3) „ * fekifflft 
«*iic«*)fc"U*iKJ6:*-t**i^ SffifcTSea (101) (1 
02) Tr*3*i££ifc©S i Oi££££fr->o*-*>lii#?MM2 1 2 
(02 4) o 

(101) 

OH 

I 

HO-S i - 0 -gfi 
I 

OH 



(102) 



OH 
I 

ho-s i -o-mm 
o-a® 



tfs *HTk:*v» 1 0 nm < &<.>©£# ©# l> * d** Wfc3MR*«l**JB 

4'*. C©<h^T'^fcv/p + -y->#» ; ?)^2 1 2 felEili-S i 0 

©-OH8©tt2~3tegK©»a<£fi!c$nfco COttlt'Oftiaii 
c©<KI8^ UttWl 0 <hllli©^®ffife#i£^TltM*Ig£ 

57 



WO 98/54617 



PCT/JP98/022S4 



10 tm&iL-C. *vf->y (Z L I 4 7 9 2 ; ;*>P*4fcR) ^ftAL 

TEflttSe*ttB1-5£* ftALfcftl^? t*>^|S|i;?&oTE 

-l/-f-(D 2 4 8 nmOM8 0 Om J T?¥ffiJiMf L *:«, ^©JU M 
f2{h^lR»*^li4 3 ©iSm«^*^©ieiS]^lS)^P'<^iieiS]^|S|(i 

>y ^OltS***fi*4Tx 7 (Z L I 4 7 9 2 ; y 

tt») *ttALTElPlttlB*«K-r«i^ ttElWlRltt 5 t* 

25 >^#fa£¥fr©**"efc&£frt>ttfrofc*< 0 M»ap-e»aALfctt 

■i^m*|S|i:l&^TSfii:jt*LT^l/f^ hft&4 5° 7?Efi^ 



5 8 



WO 98/54617 



PCT/JP98/02254 



C^KS^Jl 2) 

H«Sm OICfc^T. it^mm%t LTCH 3 (CH 2 ) 14 SiCl 3 iNC(CH 3 ) 
5 2 (CH 2 ) 14 SiCl 3 ©K^ 0 fc, ClSi(CH 3 ) 2 OSi(CH 3 ) 2 OSi(CH 3 ) 2 OSi(CH 3 ) 2 Cl 
iCH 3 (CH 2 ) 14 SiCl 3 ^l : 0-0 : 1 ©H^S^ L X M ^ fcS&. 
^ffijL^l^-lifi^JtfcJSfcT 3 5mN/m^b2 1 mN/mOfsffl 

ElWlSltt? If >/^|SJi¥lf-e. yi/f*hft»5«^b9 OK©® 

10 mxnmx^tzo 

a[fi^tt©5/D + 1^>fe^«*^^^«clSi(CHg) 2 osi(CH3) 2 osi(c 
Hg) 2 osi(ce3) 2 cli^l^tt©*fl:*****^«cH3(CH 2 ) 14 siCl 3 *^rH 

©Jfc*-ea£LTffl^TttK*ftM**£> Sffi^TIHS; (103) 

^ (io4) x**isnzft?£m&&^fo£x$tsfc¥&mmftirm& 

15 fi^tlfco 
(103) 

CH, CH, CH„ CH 
I 3 i 3 | | * 

HO-Si-O-Si-O-Si-O-S^i-Ifi 
CHj CH 3 CH 3 CH 3 

20 



(104) 



25 



H 3 C 



(CH 2 ) 14 



I 

O 
I 

s i - o -; 
I 

0 

I 



5 9 



WO 98/54617 



PCT/JP98/02254 



mmmi 3) 

2 (CH 2 ) 14 SiCl 3 ©ftt> !9 tc, BOOC(CH 2 ) 16 Si(OCfl 3 ) 3 <tBr(CH 2 ) 8 Si(OCH 3 ) 3 
£1:0-0: 10nt'i^Ltil\ {fc#MB#K 1 0 QVX'2^m 
MMLtCo C©Ji&(;: kE&J^ffii^l^-tiS&JfcKJ&UT 5 6mN 
/mi>b3 1 mN/m©$SIST-$iJ®-C-£fco 

OSJfcm 4) 

fgffitil 1 0 I^^T, LTCHgCCH^SiClgiNCCCHg) 
2 (CH 2 ) 14 SiCl 3 <ORt>l9 K> CH 3 CH 2 C*HCH 3 CH 2 0CO(CH 2 ) 1() SiCl 3 (fcfc*L^ 
C*li^jgrift*) £CH 3 SiCl 3 £& 1 : 0-1 : 2 0 ©IfflTfi^ L Tffi 1,* 

i6i;T3 6mN/mfr& 4 1 m N/mOfgfflTftttin? § fc« * bic^ -fe 

***Lfc»H8©*s*a=A*<s^ ttsoEiWfaii* 
cmtum is) 

±E«fiElRlll*ffl^r|IBCttft*^f^>fx*l!!itLfc 0 
*?\ BI2 5l:*tJ;?^ v h 'J «y ? xftKt&BSftfcm 1 OW& 
iC0fi^iit5 h7>^x^-^2 2 2 l'O 
S=K2 2 3±> fccfc^^l 0«S^i^[S]-r^J;9(ciegLfe^7-7 
^;V^-S2 2 4 i^2(D«I2 2 5 £^£312 ©g$2 2 6 

ft^M. 2fc&«MS*>Ig*fT^ BI?^iSx*^-5&<3 7mN/m 



60 



WO 98/5461 7 PCT/JP98/022S4 

*©&. itulESgl ii2®M2 2 3. 2 2 6 £S&A<#t|S] Lloy 
^7 hElSj-rSct 9 K fSJ: a ir&g&fr-ti- LTX^-lf- 2 2 8 ii 
#8>J2 2 9 T?#>J5 ^ a >©*> «y ^HSLfc. BufBSiU 
5 2©£«fcffiKTN«6 2 3 0£&ALT£fibLyr&s H5fc«2 3 K 
2 3 2 ^iifl^^t)-y-rg^«?^^B!cLfco £ © £ £&A£ tifc&H© 



15 



20 



25 

6 1 



cmmm 1 6 ) 

1 ifc*3tf.sjR»£EttfciietfTo£. laj-iiSrt-e^if-r 

«CElSi5EF|S|©JlttS«4J«:4li3rRtf«C.i36<T?*fco *LT. £© 
(H!fe0>J17) 

{b£«j£fc^5o ) fiL^ CH^CCHj^SiCKiNCCCHj^SiCl, (-t 



i 



WO 98/54617 



PCT/JP98/022S4 



L*: (02 6) o £<lii*Lfc**£*tt 
^**l«)»*t*5n-^t> 3 0 3Tfifej£Lfc8U S«*3rS© 

mSLfc (02 7) o fjlB©-a©XgT% BulH^DDi/^>^^®S 
10 S i C 1 attKflB*«SiB©*K*t'eKiiKKJ6*<^i:> TIB 

5$ (105)13*^(106) ©fe^^JS^nfco 3»+©*a*R 
JSLTS; (107)ftcm08)©»£#£l**ttfc« ttfc, 
n fc 33-? © K*» tt tt«0 0 #1*1 ic * -5 USE IS) L T o fc Q 
(105) 

15 ci 

I 

H 3 C- (CH 2 ) 14 -S i -O-If 

C 1 



20 (106) 

C 1 
I 

N=C- (CHJ ,.-S i-0-l« 
L 14 | 

C 1 

25 

62 



WO 98/54617 



PCT/JP98/022S4 



(107) 

0 

I 

H 3 C- (CH 2 ) H - S i -0-*« 

0 

5 I 
(108) 

o 

I 

NaC- (CH 2 ) 14 -S i-0-i« 

o 

I 

10 

mmT-5m/#©&#^l#±tf#flK*rLT4 5 K t ti S «k 9 7 t' > 

15 «*WI3 o 4 #S«^iB© ft^*^*-* p + 

*^h*>^|n)3 0 5 ^»oTEl&|LTttl. 3nm0lf«^ 
fc (02 8) o *£*>\ ;:©£Sfb^R«©ffi#£ffi x ***- {4 tt 2 

0 ^ ^ o 7©ttS-l?Jl/£ffi*:fc"C\ ?&b! (Z L I 4 

7 9 2 ; y JU^ttSI) LTl2fr #^£511^3 t> SEALfcJfcli 

25 otI«^U»^^^hfl6 1° TE|S|LTl*fc (812 8) o 

COiL CH 3 (Ce 2 ) 14 SiCl 3 iHC(CH 2 ) 14 SiCl 3 ©fflliR*l : 0-0 : 

6 3 



WO 98/54617 PCT/JP98/02254 

1 C»t L< 14 10: 1-1:5 0) BlPaifii***- 
ttl 7mN/ra^b2 6 m N/m KM U <£*l€tl7 U*Jl> V M « 8 

LT7y**#tfHffingtt*!N 0I*M\ CFgCCF^CCH^SiCl^j^JP L 
5 X'n< t&Rmffix-Z&f-te 1 5mN/m*T'/jN$ < T?*fc 0 C©i# 
«ii©^uf-^ hftttttff 9 09ET?*ofc3&<x mE^WSnLTlS 

jao^*as*<-(CH 2 ) 14 -4Hi;^*©s/7 >&^®ett#J 

10 *ffl^te*< N RSRifiofiS^Rtti (Witfs -( c Vn" ; n,41 * & 

15 &tH5ftlztHjlt%ft3 1 3*<|SJ< .fc-SKflHteR (HN P'B) 306 
(#5D>f KttM) **«fcfifcTHr * h U 5 0 0W©i@^E7kffi*r 
©3 6 5 nm ( i ») ©ft 7 «B%liai§&3. 6 mW/ c m 2 ) 
^T9 0 0mJI»Lfc (02 9) o 

BtHaft^RW^tt 3 0 4 * #©iMS#K*«©Eft#|6| 

3 0 8 (i<ift^lS]3 1 3 ilJ&^ff^fafcMU Lfr fcElS]tf£o* 
*>^4IEfiII$J;0a#*n"COfc (H3. 0~3 1) 0 B+x 3 0 9 liS 

*fcx *b^C)64l7t'>^ofct, l*SC^->tt(!)7 
25 X^^liaT8 00~1200mJ <D^*Jl¥-X*3 6 5 nmOftg© 

64 



WO 98/54617 PCT/JP98/02254 

fSj3 0 5 £«#>6ffil3 1 3 lr^n^n^oT^ H B B ^ieiSjtSI3J^^^IJ[ 

ttfc. *HSfe^J-e(i> R#fcJ8l**3te£ LTfiKffi*«*r© i »T* 
-5 3 6 5 nm«Djfe*JB^fc*<* RftBffl*0»CK^fclt;i;T4 3 6 
nnK 4 0 5 nnu 2 5 4 n m ^ K r F x* >v I/— !f-*e» £ ft* 2 
10 4 8 nmO**ffll»K i fc RTflgTfco fc c #1=% 2 4 8 nm J f>254 

1 1 8 ) 

20 d □ i> y ^»^tK®?S^^^Lt. ^ffiics i oh&&, 

25 109) &tf/*fctt (110) ^J&£ft> ?oov'7>^f311*<-S 
i O L Tg«gffitc@SI 2 ftfco 

6 5 



WO 98/54617 



PCT/JP98/02254 



(109) 



C 1 



C 1 -S i -O-SS 
I 

C 1 



(110) 



C 1 

I 

c i - s i -o-m 
i 



Ltl^iU^CS i C 1 4 #?fi|&£$ftfc (133 2) 0 $ t>{c^M 

•tMciii&tfi, mktkss; cm) &v/ttzit a 

12) T-^£*l-5£i&©S i OH|g£££fc->D 3 1 

2 (18 3 3) o 

(111) 

OH 
I 

HO- S i -O-M 



(112) 

OH 

I 

HO- S i -0-&m 
I 



WO 98/54617 PCT/JP98/02254 

C©i ^T'^fc->P+1f>*^?)13 1 2 (iSSili- S iO-Oft 

nz>titzm& : ?m&%mizs i ohm^^o 0 ®£-oHgii 

m&M*m^fc¥W%XW*ft o <h> 02 8 £|!01§©^®S&3'J^K£ 

2£^LT^p*1*- >0*W^^tr^^^^L^tt^l?^l. 5 nm© 
^J?Tf^s5c$tl^o -©££. ^®ffi&&J©Miiif©gtt*®©M-»J- 
^ h (^©Ji&liOHg) tt x 7 icifc^T^- 3 

?/g*0fiM^*M©IBl£l#[S]£i^& iHJi^J 1 7 icjt^f-^ Hft 

C©tf$l©g#K2ft£ffii.>> {k^K#M^|Sl^V^9 <fc 9 K®.*&t> 
itTs & ft 7 >f^°7 L/;b{c^^J:9icLT2 0 ^ ? n >4 ? ^«y 
^G^H-fe^ffi^^T. (Z L I 4 7 9 2 ; ^ )V<7& 

67 



WO 98/54617 PCT/JP98/02254 



1 9) 

mmmi 7ic*h>t, it^mmmnt LrcH 3 (CH 2 ) 14 sici 3 iNC(CH 3 ) 

5 2 (CH 2 ) 14 SiCl 3 0ttfr!9K. ClSi(CH 3 ) 2 OSi(CH 3 ) 2 OSi(CH 3 ) 2 OSi(CH 3 ) 2 Cl 
<hCH 3 (CH 2 ) 14 SiCl 3 «r 1 : 0-0 : 1 ©RST?fi£ L Tffl t^fcJi£. 



^ffix^A/^-lifi&JtfcJ&tT 3 5mN/m^b 2 lmN/im 

io ttfc, ja«tt©s/p*1^>e^^s*^t^^clSi(ce 3 ) 2 osi(CH 3 ) 2 osi(c 
e 3 ) 2 6si(CH 3 ) 2 cl^:ia«tt©K^b7K*i^«'^^«cH 3 (CB 2 ) 14 siClg*^ra 

©Jfc^S^LTffl^TftfcfcftlStt-S i> ^ffiJcTIBS: (113) fc«fc 
(114) "Tf^^tiS^^ffl^Jtslll-JSUT^tfft^lR**^!!** 

15 (113) 

CH, CH, CH, CH. 

| 3 | 3 I * I 

HO-S i - 0 - S i-O-S i-O-S i -Sfi 

I I I I 

CHg CHg CH 3 CH 3 

20 (114) 



O 



h 3 c- (ch 2 ) 14 -s i -o-mm 



25 



0 

I 



68 



WO 98/54617 PCT/JP98/02254 

H«Jl nzis^x, -fb^^^^iSt LTCH 3 (CH 2 ) 14 SiCi 3 iNC(ce 3 ) 2 

(CH 2 ) 14 SiCl 3 CD ft *> «3 . H00C(CH 2 ) lg Si (OCHg) g £ Br (CHg) g Si (OCBg) 3 

*i : o~o : lvrn-zm&ixmi'K <i:¥r*«$m-i o ov-c^mm 

Uf-^ hfttt 0tt^ & 2 7K<D«88"e*!l»TSfco 

io cmmm 21) 

IIWJ1 7IC»T* <b^»SM»Kt LTCH 3 (CH 2 ) 14 SiCl 3 £NC(CH 3 ) 2 ( 
CH 2 ) 14 SiCl 3 ©ft^*3 CH 3 CH 2 C*HCH 3 Cfl 2 OCO(CH 2 ) 1() SiCl 3 (fcrtfL* 
C iCHgSiClgi^rl : 0-1 : 2 OOFIt'i^LTl^ 

K«©Eiail«4ft«Lfco c©J§£ic{;U Kf^SSBx 
15 KJKtT3 6mN/mj^&4 lmN/m©|g|fflT?«tB"e*fco *6l^ 

T?a»3tu "7u*-;H»fttt3ftfr&0. lK©«BBT?*lfp-eSfco 

(HWJ 2 2 ) 

£f\ 0 3 4{c^t«fc9f-. v h 'J y *x#l;:»fi3*ifc3&l©ttB 

■8321 tzomm^mmt & h v 2 2££#<ssgi© 

^^-^3 2 4 £312 ©SH 3 2 5^ft5^2©S«3 2 6±K N 

#£ffix*;H*-#3 6mN/m©{t^lS*m^?^^fF^L^o 

69 



WO 98/54617 

PCT/JP98/02254 

<»m&w.\p\wiZ2immT:%tz 0 mmmi tm2®m®3 2 3 

^ 2 2 6 £H^'$f|nl-f £ «k 0 lz&m&t>-& Ltx^-t- 3 28ig 
3 2 5 $ 9 u >©** „ ^T'@^L^ 0 *©SU ffifEU 

1 £&2©»«fc:jiuETN#g3 3 O^SALfcl, ii« 3 3 K 3 

(HM 2 3 ) 

IM22l;*m7t'^il|, 7£RflMzfflE««*c 

^*£«B«*£II©«»ft£*fcfcgfc#-e$fc 0 

gtt±©?ilfflgrflfett 

70 



WO 98/54617 



PCT/JP98/022S4 



*fc*as^Kj:ntf^ ttfioEi^^riRitt^ e>/©^tfiw»*n^ 

r^sm«tt©S^jfeS*** ; f ; fflE|S|«l*»apJ:< ^aWKfitt-e* 
-So £fc* ftgEffi£©St£i$l;:. M3fc&f^*->tt©-7X*£fifc 

©*lltt * «P»*tt»ttBff R * C i £ „ ft*© i?t£7b'> ^© 

*TttHL^ofcfl*©B*©Eini*<a[ttafi:^ii$nfc-7^/f- >r 

nfcs i o- 2 «»jRttHi>©^ xmo&QL&'pm fttiiofacf 
^ Mi^-i-Eisoii^ii&n*©-^ *s*»)4<i<i»tfi37 has 

a*>\ K»^^$ti^EiR]^{±> ^^©^iSi^^-^w-t-sata 



WO 98/5461 7 PCT/JP98/02254 

ifc*&BJ3l;:«kftM\ li«LtSi^ #*tt*fcttfn*tf 

;p^--e«a»$tifc*fSttEfilil*ai(ft-e *o 
15 »JtL^-3fcfl*©iB*©E^**16»afc»f!l$nfcv;Uf- HV >T >© 

s Efil^lSli3«fcO t f->l' hft©*9W©** &-f E|S|*S!!*©*£ttEfall 



25 

7 2 



WO 98/54617 PCT/JP98/022S4 

» # © $b m 

Ho 

io 3. HuE^ ; FP*<ii«ttK*««:*-rs» : F«k') fefiv^?*^*^ M 

fc«l«£*u tffEfi*U*IK*^*l>tt< £ k-WSiRW £2 u 

L, luE*Jin*fctt»{J>C J: OMttSt*«*<*^LT^«fil«*<Ci* 
15 *fc{4IH«*3Kfi6tT^am*5|2 »tE«©ttfiElRlilo 

mm # n& i x u u ^ £ l t s ^ k vwn a © n$k l 

T^«»^S 2 KE««>«tftElfilJllo 

5 . fi8£#£3liia£Wlh 5 ©-«*< n >&££;fr L tit© 
20 Ua5JcH^snTV»4W*3gl»wEi6©ftSEfilKo 

T^*»*S1 CE«©«SElSllBlo 

7. »«©X®tft^ift»«*«tt$-a-Ti}Efl;^!R»«K:#tn«ie 

25 ^-tbSCilcJ;!^ MI2^^©— JgfcffiE^Efc®^- 5Xg^ fjfB 
#?£^fr#?il^btt£$)l£^iRtol;:M7fet£C iic J; *K MBit 

7 3 



WO 98/54617 



PCT/JP98/02254 



8. fi«ttlfc*fil©4>tt< i t>-#lw*«fc*f**Efiltt*tt4*-SX 
5 fctt1-*«S£-£©ftfl^c*^*SXgT?fc*»3fc«7i::E«©ttS 

*a©»s^»-rs«s«— 3E©ftKfc«a»L. £3EMtt&£fli©4> 

«««*«© ££ k *f t z> n & * m tea r & <o *> it tin * fc &M'j> £ 
mmmm * nm'j> k & MttfgxK*<tt& t -c ^ a sug^M * ^ 

1 0. iSttttK^tt^W-rsSffiffittjW^o-tt^iirE^ffiKHSE^ 

15 5II®tT'*oT, iiuEa^££tr&^§¥fr&fcS*K£R±*SX 

S©MCn *«©*Bn«-^a*«lT*»-rsxg*^trlt*^7 CE« 
©ttEEGlffli©M:&&o 

ii. mmf&M-cftfr+zxmfcis^-z* ss©^®^&©wa*'*j© 
ttwt)*3f3e©^rifiii-ifiieTff -5 c *k &ig:R£%tt$i<iEj?r£ 

20 ©^|fi](cE|Si$-ii-ait^51 0i;:E«©ttBElS|8l©«iB:&aco 

1 2. S«©*iB^&©Wa»ffl©«W»?*3r5t©^I^K|fi]»j--t:?f 9 C 
ifc«fc*K tJEMttK#fi©*«{c*ff 5«**-^©HffiKi«»L 

5: £ K .fctK l5E«^LfcMtt^*«l©Sfit»-t-Sftffi*HuEft 

L Z&mtfift&t S «fc 9 K: Lfclt*® 1 1 

74 



WO 98/54617 PCT/JP98/022S4 

fciB*©*gElS|ffiS©»i§#&o 

14. ^Sfc^^OflDfl^lilSlHl-^lSltc^S-rs^^ttS^^^ Ltg 

15. Sffi©fln3©IM©*§&cfctf^2^0. 01-0. 5#m-e&5 
»#ttafrR*rt'LTB3fc'*-<Sit#El 4 KilH*©fcBei£jR©l*iS:£ffi 

ic <fc •> EUf *nTl»-5tt*5il 4 JcIB«©ttSIilSilll©*!i&2F&o 

«^*--f*s*§fr»*S7~ i 6®v^-f ti^cis«©«[aieisiK©« 

8 fcE*©«SEl6]§t©ll!ii;&£o 
1 9. U >£T?*5l*3fc® 1 8 iwlS|g©tt£ 

E|nl!g|©i!fit#&o 



WO 98/54617 

PCT/JP98/02254 



2 1. B»?^o^ii^^o t fc9(cieg$n^ Mftt zmMwpu < <tt>- 

#K&llE|Sllg|£^Ji£L*:2tfc©g&<»:, C ft b 2 tfc©g$l;:&8£ ft 
SSlH/fcllieMi;: J: *9 ISA^iM £ ftT l> 3 £ £^fr&Ji^jj^B 
l-fc^T. Bufa&H&ftlgifcU -WS&©gffi(;:ft^!K3iL 

2 2. fi&l^^^fi&t *;:£{;: J: *k BufHiS^^^OS^t 
S Mi ^-^©HK{c*iJ^ $ ftT^ £ &HK|r1M£#*. 2 

1 lcfB«©&i|^^B 0 

2 3. g$©M©— g|Jic N tj7-7j Jl?is£&nmb 

iB©&n^gg 0 

fsi k ^ s$ © fiia zmi&t * c £ £ mm. 1 1 s frig© mm 

2 6. ftGfl©M©4i^0. 0 1-0. 5 ft mT-& Sgf 2 5 {c|B« 
©^aliie |S]!g£©S!!i£#&o 

2 7. MM^k^^*4-°U-7-H-e*Sif^J|2 5(c|2m©^ H e a E|S])i 



WO 98/54617 PCT/JP98/02254 

2 8. ft¥R»#'J^-B&a<3«©£Ii£ /o + t>8^HU^ 
«fc-5fcf5ESR*S#*SXgi:> 

TffiEttK©-**!**-*- * C £ K J: & «PI-36r|fiUcflifit *»»[©i!S 

3 0. MIBSli*^-rs^?©^«^©^fcJ:l5^L'^ffi»^lu 
E»»**li6^S^ ; F©fi^K©IBai"??*«»*«2 9£Ett©ttAE 

3 1. Sffi{-«m©flia^B§|Hl-^|Sl^#§t- LT^ 
15 5fe1"5»*ig2 9{c|Bife©^^,EfSl)^©^ji^^o 

32. «rE»gi«r«3te-r*xg*<x **«»#«fEa*tt*«©aiB© 

»K*K3fet5Xgr**»#^3 1 fcE«©«SE|S3«l©a!ig^j*o 

3 3. ^3fett»«©«E©fl03©^ e ^->^H«ilB^Ji©^^i^ 
20 3feW#©'<*->£ LT^¥-r5lf*ii3 1 (c|B«©?g^ElS]K©Mxt 

34. a*tt35S©*a5©flCa©Dfl«©S43J:tf«l$3&<0. 0 1-0. 
5 /*mT-£Sfft*Jg3 1 fcE*©fcSE[*i|ffl&©JSlii#i£o 
3 5. fi^ttW^ffifgttlBl^^^tSft^SSCSEKiSlfckS-a:. bu 
25 E»ffiffitt*l»TF«-S«Kft^M*-frSCitK:«k!3^ IffiiJv- 
^^trt!*iE!itSM2 9 KE*©«gElSllS©S!i62fi*o 

77 



WO 98/54617 



PCT/JP98/02254 



5 ft&EfilftffttJgaft&SSo 

3 8. BIH©lg:i3«fctf#$*<0. 0 1-0. 5 ju mtfc £flt$£ 3 7 K 
Ett©ftSEflBSJI*J8afctt£«o 

10 t>Mtf<i^«&ttfc«fc *) f9Ea9!S«©£i5**l^— 



5 II t C £ i -T 5 ttftEflffltR#Jfla*te*«©i!fi# 

Ho 

4 o. a y mui£fcw;7? u ;k»ibt?**»* 

5 3 9 fcE«©JftBElSlK*#ffla#tt£«©«a:£aso 

15 4 1. *ffitr^i5t©£hCa*<BS|s|— *|S](-#^LT^^^^EfS]li^3teffl 

a*tt*«©»a*j*-e* ^ 
aw«**ft»-r«xsa:^ 

«3t*^^**3fc«^*^LTSlWC«¥fTatltt©***^t*5 
20 J; ? KfliE«#tt h SIS 

fiM3feffla*tt*«©tiia^f&o 

S<J>tt < i t>— o£JB^T»3fc1-5IffJ&g4 1 £Eft©tt£EftllBX; 
25 fljafttt£«©Sa:£&o 

4 3. i^ttl^^x^ltt^lgoll^ ^i:ft#x>yf>^ 



7 8 



WO 98/54617 PCT/JP98/02254 

4 4. ^^©pain^^oct^jcses^n. **isi-r5*ffii©fi>tt< £*>- 

5 £lc&I,iErS]!g|£^J&L*:2&©g«£> Cti& 2&©*&Kttft£*i 
M IE & Hid fa Mi- «fc D Efl*<8*iJ * tir v> S £ *#trttS^§fifi 
C*H>T. HaiEttiiElSlBi«\ «g£SN-3£iBl:u ahfe£#trlgc 

10 4 5. g=K©^ffi© — SPlw^ *7-7^;^feJ;t) t Iih7>v' 

4 6. jftfiE|qIil36<El5^IfiI©lltt*«»©«tt*#trit^«4 4£E 

15 «©&HiS*^Bo 

20 4 8. stLA^mftotemtmfci- 

Jg4 7 fcggftOttgEfiRo 

4 9. S LT^£Ex*;M*-©J&ttSiStfc«© 

25 ->7>iMStt9J^S^Ltffll\ H££ttfcttlRjWfrffi©E&l**i5 
x.%Jl¥-m%7fii- cfc 9lc^W$nT^S»*^4 7 £Ef*©ftgEl<0 

7 9 



WO 98/54617 



PCT/JP98/022S4 



m 0 

5 0. iBx^^-^Mt^m 3 7y^R*S(-CF 3 ) 
, yf-Jl/* (-CH 3 ) , if .=.^8 (- CH = CH 2 ) > 7 U (-C 
H = CH-) „ 7-fe*U>g (R*-R*fl)3Ii6) > 7*-)l& ( 
5 - C 6 H 5 ) * 7x-l/>$ (-C g H 4 -) . /no^t>1S^ n T)l=i*i/ 
m (-OR ; R(i7;U + ;U»^^1-) „ ->7;S (-CN), 7;yS 
(-NH 2 ) . TK^S (-OH) . *;UjK--»US (=CO) x 

(-coo-) acF*;i/!K*s/^s (-co oh) ^b^itfft£4> 

10 5 1. MI»t5^0«i:S i *^Tl»5»*S4 7 fciBSB 
©fcHSSlSDlo 

5 2. &£^i;a6m@£^J&LfcS&©*S£iag£*:li£;e©&M!g 

*JBl£Lfctfc*©«ffi*ffi*©:&lRlK:5 e>^t«IIi, 

li •> o :/*S£il££* % KTRBftSil.* fctt S/ n >&£g£©*JiS} 

20 5 3. RWm&Mk UiTOtitfcttv'n+t>^ii^ no 
5 4. JW^ttaiJ i LTEI5^E:iL*;l/*--©#t&.5 &»«©>/ y 3 > 



8 0 



WO 98/54617 PCT/JP98/02254 

5 5. &mmt k a **>&&m® a 7v<mm 

g (-CF 3 ) ^ /i-Jl& (-CH 3 ) . t-;H6 (-CH = CH 2 ) . 
7'J;H (-CH = CH-) . 7-fe^U>» (l**-lfc*©3S|g£) 
„ 7x-;H (-C g H 5 ) . 7.x-^>g (-C g H 4 -) . ^ny>JR 
5 ^ x 7;U3*->S (-OR ; Rti7;l/ + >»US^St) s *>7/g (-C 
N) \ 7i;l (-NH 2 ) , 7k$g (-OH) . (=C 
0) N i/g (-C00-) RCf*^jK4rS/^S (-CO OH) 

R:R©ttfiEflK©H£3faco 
10 5 6. »iB?Stt»l5* : ?«r»«^iBK:-tttffe^H^-r*XSO»^ W 
»*3Wl?ft»LT. 3&te^S©#flC*S*£TTtti8!>£ffVV N ft 

BH*©«ftEfaBI©«at#aco 

5 7. 5HP*ElRl3-frfcSU $ £K^ftlg£^LTMftLTiiul2E[Sl$ 
15 ftfc#^£^M©#ftKSEfa£tf -5ff3c5 5 6 CE*©**^*!**© 

5 8. l?ErStt^Ji UtittKii*/:li->D*t>^ii? n° 

y fctt>f v->7^-h>>'j ^x*^t?s/5 >&©l*ffiffitfrM& 

20 ^5 6 fcE«©¥#?Ktt©ttgEfflK©«iS#Bco 

5 9. #7k^©W$i§J«£ LTx 7>u**S* .&ofl;R3R«fcii£fls 

£ ft ti •> a * "9- > g £ £ fr&jg ^ fc 5 8 IcfHtfeffl 
^RttCftgEfflRoKit^r&o 

6 0.5 t*>^ig©t&T?imffitt$5H : £-«'eB£'*-3Xg©35i;: 

25 , £&©S i OS^^fcSl^Mt5Ii^fT^\ Btjfe^^^LT^ 
$m*K©»ll*J&fifc*S»*B5 2fcE<^## ; Flltt©«SEftl* 



8 1 



WO 98/54617 PCT/JP98/02254 

liff*<D»R*JBfi!5Lfcft5 t'>?*$tiT^£gM®©4>&< t t>- 
*i»K *Sa&<«fia2o©S*|R|-rs*SKiaiHE|S|il*^LTijlE*tlTV^ 
10 6 2. ttft£#3*«#^J5S$n.&0 7 t*>^$ti^2o©S^gffi(i 

6 3. *«*a5©»K*<^^->tt©ElSl^l^©il*-5*^*»*tt3r 
#//-e^*»#3g6 1 KK*©»g^£fio 

15 6 4. #fl^£m&ri<Jt:£©&&SffiK0J&£ftTO£tt#iS6 0 KiE 

*©tta£3<8Ba 

6 5. h u y ^xttic*B$nfc»i©*as**-r*» 

^!R«^{c^M$ti-mifHM^*©^ffiS^J^tS^®<?:^^ 
25 0#firiBu!E@££ti£#^£Kft£tf 3Xg<U iitjfBffl 1 ©BS3I£ 



82 



WO 98/54617 PCT/JP98/02254 

6 6. HJtsftfca^fcEGis-ti-sig©^ * £ic<ift*££:fr irm 
i^WL^tt^-e#^o^(S]t-Ji«x.5XS ; &fi : 9if^6 5 ke*©« 

g*fc»@fri.^ F§l— SrtcEftMrt-e^* - >tt©E6i:#iRi©Jltt* 
*»k buIH^m©*®*^ tr>r*nr^5ttSEiRi»o 

15 6 9. *K*fl|l«-rs»?*<R*«*fctt'>o*-9->fe^«*#*^ «9 
EK*«t fcl±'>o**><g^«©5|5«i*5lWi— «C«il©*ffii* 

©ttiiEfiKo 

x -fit -5 lc{H»$ftTV*SI»#3® 6 8 (;:Ett©&&ElRl 

7i. g®x*^^-«r*9jai-rswiis^ 3 7vWk-cf 3 ) 

. (-CHg) s b*-*£ (-CH = CH 2 ) „ (-C 

25 H = CH-) . T"b^l/>S (Ki-^f®31^) . 7x^;H ( 
-CgH 5 ) N 7i-^S (-CgH 4 -) v Auf>HiF, + 

83 



WO 98/54617 



PCT/JP98/02254 



£ (-OR ; Rtt7^ + JUS££-#-) s ->7;i ( — C N) x 7;;S 
(-NH 2 ) N (-OH) „ JjJltf-Jim (=CO) . 

(-COO-) (-COOH) fr&Stfft**J> 

5 7 2. ttll**iifc**&^0*ttJ;:S i £^T*^3»#:®6 80^f 
n^C!5«©ttfiElSllto 

o MIS^*^ * fc tt •> n + * 5 ^ a-»i:*l!o«ii 

t*#^«tt©«ilElRlW©l!iai^j*« 
EfaK©»£:&Sco 

7 5. Rmm&Mt LTEIM®ji^;u^-©lltt 
20 flKolJHii&jfco 

£ (-CFg) . (_CH 3 ) ^ (-CH = CH 2 ) \ 

7u^s c-ch = ch-) . r-t^-uyM (&tm-Bim<D3n&& 

•\ 7xz;H (-CgH 5 ) N 7x^l/>| (-C g H 4 -) N ^P-5r>0 
25 7^3+>S (-OR ; R li 7 ^+ frM&git) » ^77S (-C 

N) N 7iSm (-NH 2 ) x (-OH) N (=C 



8 4 



WO 98/54617 PCT/JP98/02254 

0) . #;U***->g (-COO-) Rtfrtd/'K+v'A/S (-CO OH) 

7 7. W®S&#J#?£g«MK-$T'&£@£t£X1I©&l;:> W 
5 ^aj-eft^LT. £ £«M©#fai;:g®£:£TTfciH!) £fr<-K & 

9f»;fc^7 3KlEgS©l£#^Rtt©& B H a EflR©§¥i£#&o 

7 8. |l^R*ffitOJfl^7 tf^L-CfflEEfiStlfc^^BrS 

10 Xg*fT^ |^-®rt©EftRrtT"'<*->tf©Eft;&fa©MftSSB# 
*«»RBrK#fclll#S7 3 KK«©¥&?Rtt©ttBEfilR©«»>Sf 

So 

15 jb^. jfc*wa*»t LT**#*tt^**3i©*a»ii*ffl^fe»* 

573-7 8©i^iTft^Kfei&©i£#TRi*©&^EftR©l^#&o 

8 0. **^©W»*«li 7A**S, ^ofk^iSJfcliM 

^RttCftSEftRafiifc&aco 

20 8 1 . IS^Sttffl#^*-*T?B5£**Xg©BifS:* S i Og£ 

^Lfc^7 k'>^t5»*S7 3 fcfc«©l|i£ ; FRtt©ttSE|fi|«©ai 

8 2. &tmmt fc(i'>a + if>i(g^m^^^. luEK*«S*fc»^D + 
££4>tt < i t>-o^WS#^T-«f$Sftfci£#^R:|*©&Ra^ 



8 5 



WO 98/54617 PCT/JP98/02254 

£>^3*U ftBJfl©Eft&£ LT2o©ttft£-e-3M©JBfi5£*ifc 

frixmmKMf&znxist), «fi*<mi2 2o©^iqi-r««ffijcffiiiBE 

&3ft$£ 8 2 i:IBtt©ftS^3SBo 

8 5. #ft^£«@ri«Jt:&©»&SffiK^S££*iT^£fi*i®8 2 fcK 

10 i©i B B B i^lo 

8 6. h U v **:RfcfMIi^fcJSl©«*»**r*"** 

1 ©g;&&itt&£ fc ttffi*©*»*^ld6 L JKXft £ fctt o 
>»^**$*lWiaK*«l*fctt5'n + ^>|S^«©***S^tt-* 

Klft«t©*iBi*-rt/^-*ia»t-s-'&ll**il>tt< t t>-o^A,-eus 

X«*ffifc— JiBT?e^HS-r5Xgt. W«*iWT?ilfe*fft* £K#rM© 
# IrJ ££ £ £ T T tt% 0 * ft ^ 0 ^ fa K * ti iz ft? £ ¥ 
fl&E|S)$-£<5X?I£. SI^7t'>/t5IIts iiuiESfl 1 ©*@i¥£ 

20 ©s««tm2©ss. ttiitm2<Dnmxii^mm^ : ntz 

J&2©3S«*x Mffi£rt«K:LTi3f£©lffll**#fcoottlI£fctf L 
Tgfl$t5IS<!:> BUlES&l £!&2©*«©IBIfciirffi©ttS£ftA 
"T-SXg^trc: Lfctta^*B©»S*"tto 
8 7. 7 h^^LTiriEfe^aFtifclSiffiSttSJ^©^^*^©** 
25 £WLfctt«^#£©:£|S3fcSix.*Xll©aL fi*«K'<*->tt©^ 
X?£SfcTB7fct6Xg£ffVK l^-ffi ft ©EIrI MAT* ft© 

8 6 



WO 98/54617 PCT/JP98/02254 

ElRl^lS|OllttsaiS^*«»e9r88:^fcS&*S8 6 fclH«©tta£*§6 



87 



WO 98/54617 



PCT/JP98/02254 



H 3 C-(CH 2 )p-C = C-C = C-(CH 2 )q-Si-0-^ 



CI 

v Stfi 

X/ 

C! 



FIG . 1 



H 3 C-(CH 2 )p-C = C-C = C-(CH 2 )q-Si-0-^ Sffi 



O 
I 



FIG . 2 



1/2 5 



WO 98/54617 



PCT/JP98/02254 



5 




FIG . 3 



2/2 5 




3/2 5 



WO 98/54617 



PCT/JP98/02254 




FIG 

4/2 5 



6 



WO 98/54617 



PCT/JP98/02254 




FIG . 7 



5/2 5 



WO 98/54617 



PCT/JP98/022S4 




FIG . 8 



6/2 5 



WO 98/54617 



PCT/JP98/02254 




7/2 5 



WO 98/54617 



PCT/JP98/02254 



0.8- 




0.25 0.5 0.75 1.0 1.25 



FIG . 10 



8/2 5 



WO 98/54617 PCT/JP98/02254 




FIG . 11 




9/2 5 




FIG . 13 



1 0/2 5 



WO 98/54617 



PCT/JP98/02254 



I I I I I 111 F!> 




FIG . 14 



11/2 5 



WO 98/54617 



PCT/JP98/02254 



104 



TZZZZZZZfr 



101 



FIG . 15 



1 2/2 5 



WO 98/54617 



PCT/JP98/02254 




FIG . 16 



1 3/2 5 



WO 98/54617 



PCT/JP98/02254 




FIG . 18 

14/2 5 



WO 98/54617 



PCT/JP98/02254 




1 5/2 5 



WO 98/54617 



PCT/JP98/02254 




1 6/2 5 



WO 98/54617 PCT/JP98/02254 




1 7/2 5 



WO 98/54617 



PCT/JP98/02254 



211 211 211 

> ) c? 

C K s ci ci ci « 

CI-SL SL \S CI-SI-CI 
J I I L 



211 

I 



////////// AS 



201 



FIG. 23 



OH OH OH 

I I HO OH I 

HO-SU HO-Si-OH \S HO-Si-OH 

o OH o ✓ S> 6 

\/>/ss l sss\/Js /!>\ss 



201 



£12 



FIG . 24 



1 8/2 5 



WO 98/54617 



PCT/JP98/02254 




FIG . 25 



1 9/2 5 




FIG . 27 

20/25 




2 1/2 5 



WO 98/54617 



PCT/JP98/02254 




2 2/2 5 




2 3/2 5 



WO 98/5461 7 PCT/JP98/02254 



311 



ci 
i 

Cl-Si v 

<!> Cl 

JL 



Cl 



311 

Cl 



311 



311 

<? 
ci 

Cl Cl I 
Sk v Si x Cl-Si-CI 

J I _J L 



////////// /\/ 

301 



FIG . 32 



OH OH OH 

I I HO OH I 

HO-Sk HO-Sj-OH \/ HO-Si-OH 

o OH o o'S o 

*/V ///////> / ' W// 



312 



301 



F I G . 33 



2 4/2 5 




FIG . 34 



2 5/2 5 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/JP98/02254 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI 6 G02F1/1337 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

Int. CI 6 G02F1/1337, G02F1/1333, G02F1/1335, G03F1/00, H01L21/308, 
G09F9/35 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

Jitsuyo Shinan Koho 1950-1998 
KoJcai Jitsuyo Shinan Koho 1971-1995 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 




JP f 04-356020, A (Matsushita Electric Industrial 






Co. , Ltd. ) , 






9 December, 1992 (09. 12. 92), 




Y 


Claim 1 ; Figs. 1, 4, 7 


1-17, 21-22, 




24, 27-28, 






30-36, 44, 46 


Y 


Claim 16 ; Par. No. [0016] 


18 


Y 


Par. No. [0019] 


19 


Y 


Par. No. [0034] ; Fig. 9 


23, 45 


Y 


Claim 13 


50, 55, 71, 






76 


A 


Claim 1 ; Figs. 1, 4, 7 & EP, 476543, Al 


20 




JP, 06-222366, A (Fujitsu Ltd.), 






12 August, 1994 (12. 08. 94), 


1-3, 5-13, 


Y 


Claims 6 to 8 






17-19, 21-23 



fx] Further documents are listed in the continuation of Box C. Q See patent family annex. 



■r 



Special categories of cited documents: "T 
document defining the general state of the art which is not 
considered to be of particular relevance 

earlier document foul published on or after the international filing date "X" 

document which may throw doubts on priority daim(s) or which is 

cited to establish the publication date of another citation or other 

special reason (as specified) " Y* 

document referring to an oral disclosure, use, exhibition or other 

means 

document published prior to the international filing date but later than 

the priority date claimed "&' 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
12 August, 1998 (12. 08. 98) 


Date of mailing of the international search report 

25 August, 1998 (25. 08. 98) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/JP98/02254 



C (Conlinualion). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 


Par. No. [OOlo] ; Fxg. 2 


A 1 /1_ 1 £ 
** , If* — ID, 




OA 1 C A "\ AC 

29-36, 41-45, 






84 


Y 


Par. Nos. [0017] to [0021] ; Figs. 18, 19 


24, 46, 63 


A 


Par. No. [0016] ; Fig. 2 (Family: none) 


20, 39-40 




JP, 07-114029, A (Matsushita Electric Industrial 






Co., Ltd.), 




Y 


2 May, 1995 (02. 05. 95), Par. No. [0023] 


10-13 


Y 


Par. Nos. [0013] to [0022], [0028] 


17, 35-36, 




52-56, 58-60, 






65, 69-77, 






82-86 


Y 


Par. Nos. [0026] to [0028] ; Figs. 1, 2, 3 


47-51, 61-64 


Y 




1-9, 14-16, 






18-19, 21-24, 






27-28, 30-34, 






44-46, 57, 






66-67, 78-81, 






87 


A 
A 


Par. Nos. [0013] to [0022], [0028] (Family: none) 


20 




JP, 02-269318, A (Citizen Watch Co., Ltd.), 




Y 


2 November, 1990 (02. 11. 90) (Family: none) 


47-56, 58-65 


A 




57, 66-67 




JP, 04-190328, A (Matsushita Electric Industrial 






Co., Ltd., Kane lea Corp.), 






8 July, 1992 (08. 07. 92), 




Y 


Page 2, lower left column, line 11 to page 3, 


11-12, 56, 




upper left column, line 2 ; Fig. 2 


58-59, 




65, 77, 86 


A 


Page 2, lower left column, line 11 to page 3, 


20, 57, 66-67, 




upper left column, line 2 ; Fig. 2 (Family: none) 


TO O 1 O 1 

78-81, 87 




JP, 06-34976, A (Toshiba Corp.), 






10 February, 1994 (10. 02. 94), 




X 


Par. Nos. [0014] to [0019] 


25-26, 37-38 


Y 


Par. Nos. [0014] to [0019] (Family: none) 


13—10, Z / — Zo, 




1 1 1 A 
J 1 — J H 




JP, 04-353827, A (Casio Computer Co., Ltd.), 






a December, 199 L (Uo. iz. "^), 




Y 


Par. Nos. [0018] to [0020] 


60, 64 


A 


Par. Nos. [0018] to [0020] (Family: none) 


81 




JP, 05-273558, A (Canon Inc.), 






22 October, 1993 (22. 10. 93), 




Y 


Par. No. [0013] 


1-19, 21-24, 




27-28, 30-36, 






44-46, 


A 


Par. No. [0013] (Family: none) 


20 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



Internationa! application No. 
PCT/JP98/02254 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 
Y 
A 



JP, 02-3015, A (NEC Corp.), 

8 January, 1990 (08. 01. 90) (Family: none) 

JP, 07-318942, A (Sharp Corp.), 
8 December, 1995 (08. 12. 95) 
& EP, 684500, A2 

JP, 05-273558, A (Canon Inc.), 

22 October, 1993 (22. 10. 93), 

Par. Nos. [0054] to [0078] 

Par. Nos. [0054] to [0078] 

Par. Nos. [0054] to [0078] (Family: none) 

JP, 06-138640, A (Yamaha Corp.), 

20 May, 1994 (20. 05. 94) (Family: none) 

JP, 03-282547, A (Tanaka Kikinzoku Kogyo K.K.) ( 
12 December, 1991 (12. 12. 91) (Family: none) 

JP, 07-281420, A (Sekisui Chemical Co., Ltd.), 
27 October, 1995 (27. 10. 95), 
Par. No. [0010] (Family: none) 



29-36 



20, 57, 66-67, 
78-81, 87 



68 

69-77, 82-86 
78-81, 87 



41-43 



39-40 



40 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



PCT/ J P 9 8/0 2 2 5 4 



Int. CIV GO 2 F 1/13 3 7 



wss:fTofc*/M»»» mj&#&&m (ipc)) 

Int. CIV G02F1/1337, G02F 1/1 3 3 3, G02F 1/1 3 3 5, GO 3 F 1/0 0, 
HOU2 1/3 0 8, G09F9/35 



1950-1998 
19 7 1-19 9 5 



Y 
Y 
Y 
Y 
A 



JP, 04-35602 0, A (feT«Sffi**fe^tt) 9. 1 2£. 1992 
(0 9. 1 2. 9 2), SffjRJSl, 01, 04, g|7, 

sSMie, mi 6&&, 

$34®& @9, 
1 3, 

» 01.04, 07&EP, 476543, Al 

JP, 06-22236 6, A OfrdbaHoS^tt) 12. 8^.1994 
(1 2. 0 8. 9 4) , tm*%6-8. 



1-17, 21-22, 24, 27- 
28, 30-36, 44, 46 
18 
19 

23, 45 

50, 55, 71, 76 
20 



1-3, 5-13. 17-19, 21 
-23 



taj »jciaas©«>5s:iR"Cttft<, Hwsa****:^-*- 



r&j (si-^fyh77 0-« 



12. 0 8. 9 8 



2 5.08.98 



H^a^rF/t (isa/jp) 

lfS{E&^ 1 0 0-8 9 1 5 



03-3581-1101 



2K 



9 5 13 



3 2 5 5 



I^PCT/ISA/2 10 (»2^-^) ( 1 9 9 2^7^) 



d^ajSS#^- PCT/ J P9 8/0 2 2 54 









Y 




A Id— Ifi 9Q— IK A1 — 








Y 


in A ' £ I la 1 o> talis'* 


24 46 63 


A 
/\ 








JP, 0 7-1 1 40 2 9, A (&T«M£«S5t£tfc) 2. 5fl. 19 95 




Y 


(0 2. 05. 9 5) , ^2 3if t 


10-13 


\r 
I 




1 1, W JO, OZ-OD, Oo 






cn ec cn 77 00 

-fcU, DO, 03-/ f , 

86 


Y 


l26-28Mv 01* 132, 193, 


47-51,61-64 


Y 




1-9, 14-16, 18-19, 






21-24, 27-28, 30- 






34, 44-46, 


A 


Il3-22i^ ^2 8©^, 


57, 66-67, 78-81,87 


A 


(77; y — ^ t) 


20 




JP, 02-26931 8, A (S/^XVI$tHfc&£tfc) 2. 11^. 199 0 




Y 


(0 2. 1 1. 9 0), 


47-56, 58H>5 


A 


(77; !/— *L) 


57, 66-67 




JP, 04-190328, A tt&TM£M*5t£tk ttfflffcMKItt^^tt) 






8. 7J3. 1 992 (08. 07. 9 2) , 




Y 


I2IT£H^1 ltf-^3M±&fil^2tT, ^2®, 


1 1-12, 56, 58-59, 






65, 77,86 


A 




20, 57,66-67, 




(7r; y — 


TO O t l>7 

7o-ol, of 




JP, 06 — 3497 6, A ftfc^^ifc;^) 




X 


10. 2fl. 1 994 (10. 0 2. 9 4) , S&14-19iaf£, 


25-26,37-38 


Y 


ii4-i 9mm (77^-4u 


15-16,27-28,31-34 




JP, 04-35382 7, A (*^^Sh*«»^tt) 




Y 


8. 1 2/J. 1992 (0 8. 12. 9 2), #U 8-20M, 


60,64 






81 




JP, 0 5-2 7 3 5 58, A / >«St£tffc) 




Y 


22. 10^. 1993 (22. 1 0. 93) , II 3&& t 


1-19, 21-24, 27-28, 






30-36 44-46 


A 


£17 «-» •nJCtir V ^ / -n V \*?t 


20 




J P, 0 2-3 0 1 5, A (B*S«f^tt) 8. 1 JJ. 19 9 0 




Y 


(08. 0 1. 9 0) (77^-*U 


29-36 




JP, 0 7-3 1 8 9 4 2, A (^- :/&=££#) 8. 12^. 1995 




A 


(OR 19 Q O 


2Q 57 66-67 




&EP, 6 8 4 5 0 0, A2 


78-81,87 




JP, 05-273558, A (*"f 7 >&5££:|±) 




X 


22. 1 0£. 1993 (22. 10. 9 3) , $5 4 - 7 8&&, 


68 


Y 


f 54-7 8&&, 


69-77,82-86 


A 


!5 4-78^f (77?y-4L) 


78-81,87 



f^PCT/ISA/2 10 (f&2'*>—Wm%) (1 9 9 2^7^) 



m&t*\ffi&% PCT/J P98/02 254 



JP, 06- 1 3 864 0, A (1rT^5££tt) 2 0. 5J1. 19 94 

(2 0. 0 5. 9 4) (7r$y-*L) 41^3 

J P. -0 3-2 8 2 54 7, A (H*ft^JRl*f*SC#tfc) 12. 1 2£. 19 9 1 

(12. 12. 9 1) (7r$y-4L) 39-40 

JP, 07-28142 0, A («*ft^X*»^tt) 2 7. 10^. 19 9 5 

(2 7. 1 0. 9 5),|1 0©& (7r 5 y-fct) 40 



i^PCT/ISA/210 WM^-^ (1 9 92^7^) 



